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PREFACE. 


The  present  volume  replaces  the  origi- 
nal No.  22  of  Van  Nostrand's  Science  Se- 
ries, bearing  the  same  title,  by  Mr.  John  B. 
McMaster. 

Mr.  McMaster's  volume  treated  mainly 
of  the  mathematical  calculation  of  high 
masonry  dams  as  it  was  understood  at 
the  time  at  which  he  wrote.  Since  then 
the  masterly  treatise  of  Mr.  Edward  Weg- 
mann,  upon  the  same  subject,  has  so  com- 
pletely superseded  all  other  treatment  of 
the  mathematical  features  involved  that 
it  would  be  useless  to  revive  old  methods. 

Besides,  the  present  author  has  long 
been  convinced  of  the  fact  that,  in  view 
of  the  many  practical  limitations  which 
surround  the  design  of  a  high  masonry 
dam,  it  is  useless  to  attempt  to  adhere  to 
a  general  formula  for  that  great  desidera- 
tum of  all  economical  engineering  design ; 
namely,  a  ^ECTioN  OF  Equal  Resistance. 


The  mathematical  researches  of  those  au- 
thors who  have  investigated  this  problem 
have  established  a  vertical  section,  the 
basis  of  which  is  a  right-angled  triangle 
of  base  equal  to  two-thirds  or  three-quar- 
ters of  its  height,  as  that  leading  to,  or  at 
least  looking  towards,  such  a  result.  The 
most  refined  calculations  will  inevitably 
bring  us  back  to  the  neighborhood  of  this 
form  for  at  least  the  first  hundred  or  two 
hundred  feet  of  any  proposed  dam,  the 
difference  of  relation  between  the  base  and 
height  of  the  triangle  depending  mainly 
upon  the  limiting  unit  stress  adopted. 

We  cannot  do  better,  therefore,  than  to 
profit  by,  rather  than  to  repeat,  the  labors 
of  those  distinguished  mathematicians  and 
engineers  who  have  been  our  pioneers  in 
this  work,  and  start  our  designs  by  first  lay- 
ing down  such  a  triangle,  surmounting  it  by 
a  proper  practical  top  width  instead  of  its 
own  sharp  apex,  and,  if  its  height  exceeds 
80  to  100  feet,  giving  a  flare  to  the  lower 
part  of  its  inside  face  to  expand  the  foot- 
ing on  that  side.  Then,  by  simple  and 
well-known  processes,  we  determine   the 


maximum  compressive  stress  upon  the 
material  at  certain  different  heights,  upon 
the  two  assumptions  of  an  empty  and  a 
full  reservoir,  and  if  they  do  not  prove 
satisfactory,  modify  the  section  accord- 
ingly, subordinating  the  modifications  to 
certain  practical  conditions  previously  de- 
termined upon. 

It  will  be  seen  that  the  dangerous 
stress  in  a  very  high  masonry  dam  is  the 
crushing  one.  The  author  has  endeavored 
to  treat  the  question  of  this  particular 
stress  quite  fully,  beginning  with  its  con- 
sideration when  uniformly  distributed,  and 
showing  the  manner  in  which,  theoretical- 
ly, a  structure  can  be  proportioned  so  as 
to  render  this  stress  uniform,  no  matter 
to  what  height  it  may  be  raised.  In  this 
way  the  rapid  increase  of  base,  after  a 
cei-tain  height  has  been  reached,  necessary 
to  secure  this  uniformity  of  pressure,  is 
clearly  shown,  indicating  that  there  is  a 
practical  limit  to  the  height  to  which  the 
structure  can  be  raised.  The  investiga- 
tion then  passes  to  the  consideration  of 
maximum  unit  stresses  when  the  resultant 
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of  pressures  cuts  the  base  unsymmetri- 
cally,  as  is  the  case  in  dams. 

The  proper  practical  section  of  a  high 
masonry  dam  having  been  evolved,  the 
manner  of  executing  the  work  is  then 
briefly  treated  of,  with  a  description  of  the 
necessary  accessories  to  the  dam,  in  order 
that  the  purposes  for  which  it  was  built 
may  be  satisfactorily  accomplished.  It  is 
hoped  that  this  portion  of  the  book  may 
prove  a  valuable  addition  to  the  subject. 

It  may  be  useful  to  the  reader  who  cares 
to  look  farther  into  the  general  subject  of 
dam  and  reservoir  building,  to  mention 
that  considerable  additional  information 
is  to  be  found  in  the  second  revised  edi- 
tion of  '^  The  Designing  and  Construction 
of  Storage  Reservoirs,"  which  forms  No.  6 
of  the  present  series. 

E.  S.  G. 

YoNKERS,  N.  Y.,  July,  1897. 


CHAPTER  I. 

Static  Stresses. 

Let  a  B  C  D,  fig.  Ij  represent  the  ver- 
tical section  of  a  rectangular  wall  of 
masonry  sustaining  the  pressure  of  a  body 
of  water  level  with  its  top. 


Fig.t, 

The  pressure  of  the  water  tends  first  to 
push  the  wall  forward,  bodily,  by  causing 
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it  to  slide  upon  its  base.     If  this  tendency 
is  resisted,  the  next  effort  of  the  water- 
'''^'"pressure  is  to  overturn  'the  mass  by  caus- 
ing it  to  rotate  around  the  point  B. 

With  what  force  does  the  water  press, 
and  with  what  strength  does  the  wall 
resist  ? 

Considering  always  a  slice  of  wall  and 
water  one  foot  thick,  so  that  areas  in 
square  feet  will  represent  volumes  in  cubic 
feet,  and,  assuming  the  density  of  water 
to  be  62.50  lbs.  per  cubic  foot,  and  repre- 
senting the  height  of  the  wall  by  /^,  then 
by  well-known  principles  of  hydrostatics, 
the  horizontal  thrust  T  *  of  the  water 
against  the  surface  A  C  is : 

T  =  31.25 /^V (1) 

This  is  the  pressure  tending  to  push  the 
wall  forward  upon  its  base.  The  pressure 
is  resisted  by  the  weight  of  the  mass 
represented  by  the   area  A  B  C  D,  multi- 

*  The  horizontal  thrust  is  always  expre.sed  by  (I)  no 
matter  what  form  the  surface  A  C  may  assume,  whether 
vertical,  inclined,  plane  or  curved,  h  being  the  depth  of 
-water  press  ng  against  it. 
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plied  by  its  coefficient  of  friction.  This 
latter  factor  is  a  very  uncertain  quantity. 
It  is  frequently  assumed  as  about  0.75. 
With  good  masonry  it  is  probably  a  great 
deal  more,  because  the  resistance  then 
becomes  the  transverse  strength  of  the 
masonry,  or  its  resistance  to  shearing, 
rather  than  the  mere  resistance  of  friction. 
However,  to  conform  to  usage,  we  will 
assume  a  coefficient  of  friction  of  0.75. 
Then,  the  thickness  A  B  or  C  D  of  the 
wall  being  represented  by  b,  and  the 
density  or  weight  of  a  cubic  foot  of  the 
masonry,  by  d,  its  weight  will  he  h  b  d^ 
and  the  resistance  to  sHding,  R  of  the 
wall  or  the  weight  multipHed  by  the 
coefficient  of  friction,  will  be 

R  =  O.Tohhd (2)       jA' 

For  equilibrium: 

31.25  h2  =  0.75  h  h  d. 

With  a  given  height  and  density  the 
required  factor  is  6,  and  we  have 

1='^^ (3) 
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Tins  is  the  equation  for  exact  equilib- 
rium. Using  a  factor  of  safety  of  2,  the 
above  becomes 

*=??f-* (4) 

Assuming  a  Hght  brick  wall  d  =  115, 
then,  in  round  numbers 

4 

Assuming  a  granite  or  limestone  wall, 
d=  165 

The  above  values  of  h  represent  the 
two  extremes  of  weight  of  wall,  and  show 
that,  under  conventional  assumptions,  the 
height  of  such  a  wall  should  not  exceed 
from  1^  to  2  times  its  thickness. 

Next,  as  regards  the  tendency  to  over- 
turn. The  force  tending  to  produce 
overturning  is  the  horizontal  thrust  T, 
multiplied  by  the  height  of  its  point  of 
application  above  the  point  of  rotation  B. 

This  height,  by  well-known  principles,  is 

^  ;    hence    the   overturning   moment   of 
o 
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the  thrust  M  T  is 

MT  =  10A2h\  ! (5) 

The  resisting  moment,  M  R,  o£  the  wall 
is  its  weight  multiplied  by  the  horizontal 
distance  o£  its  centre  of  gravity  from  the 

point  of  rotation,  in  this  case  =  -^.    Then 

h  d  h* 
MR  =  —Y- (6) 

For  equilibrium, 

10.42  h'  =  '^', 
,       4.57  h 

*=V5" *" 

Assuming  a  factor  of  safety,  2,  in  (6), 

-^'■■: » 

assuming  <^  =  115  ; 

b  =  0.60  h  ; 
assuming  d  =165 

b  =  0.50  h. 

As  against  overturning,  therefore,  the 
density  of  the  masonry  has  but  a  compar- 
atively slight   effect  upon  the  thickness 
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of  the  wall,  since  its  square  root  only 
enters  the  calculation,  instead  of  its  full 
value,  as  in  the  resistance  of  the  wall  to 
sliding. 

In  round  numbers,  and  for  safety,  we 
will  assume  always 

The  tendency  of  the  wall  to  sHde  on  its 
hase  is  somewhat  balked  by  the  tendency 
to  capsize,  which  prevents  a  fair  aiid 
square  shove  taking  place.  Except  in 
some  special  cases,  where  there  is  an  abnor- 
mal tendency  to  shde,  such  as  a  masonry 
wall  built  upon  a  timber  platform  with  the 
planking  running  in  the  direction  of  the 
thrust,  experience  shows  that,  if  the  wall 
is  secure  against  overturning,  it  is  also 
against  sliding;  so  that  this  latter  cause  of 
failure  need  not  be  considered  in  general.* 

Fig.  1  shows  what  is  called  Si  plumb  wall; 
that  is,  one  of  which  the  vertical  section  is 

•  When  a  wall  stands  upon  a  slippery  foundation,  how- 
ever, its  stability  as  against  sliding  must  be  carefully  con- 
sidered, for  in  such  a  case,  it  may  be  much  less  than  that 
against  overturning. 


13 


a  rectangle.  Walls  for  dams  are  never 
built  upon  this  section;  but  the  conditions 
o£  stability  having  been  determined  for 
such  a  wall,  its  section  is  very  easily 
transformed  into  an  equivalent  trapezoid. 
This  can  be  done  by  "  trial  and  error/'  but 
a  sufficiently  close  approximation  is  arrived 
at  by  using  Vauban's  rule,  which  may  be 
exemplified  as  follows : 


fig.  2. 


Let  A  B  C  D,  fig.  2,  represent  a  plumb 

wall     On  B  D  take  B  E  =  ^5.      Then, 

through  the  point  E,  any  line,  F  G,  will 
form  a  trapezoid  A  G  C  F,  of  which  the 
resisting    moment    will    be    very   nearly 
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equal  to  that  of  the  rectangle  A  B  C  D. 
This  transformation  results  in  a  very  con- 
siderable economy,  for  the  triangle  E  F  D 
is  replaced  by  the  very  much  smaller  one 
BEG. 

To  test  all  this  by  an  example,  referring 
to  fig.  2,  let  A  C  =  45  ft.  and  A  B  =  30  ft. ; 
let  B  E  =  5  ft.  and  C  F  =  6  ft.;  then,  by 
similar  triangles, 

BG  ^  24 
5  40' 

B  G  =  3  ft., 
and  A  G  =  33  ft. 

The  area  of  the  rectangle  is  1350  square 
feet,  and  that  of  the  trapezoid  877.75 
square  feet,  or  65  per  cent,  of  the  rectan- 
gle. The  moment  of  resistance  of  the 
rectangular  section  is 

4521^30X30  ^  2^250. 

To  find  that  of  the  trapezoid,  divide  it 
into  a  rectangle  and  a  triangle  (fig.  3). 
Then  the  moment  of  resistance  of  the 
rectangle  around  the  point  G  is 
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45  X  6  X  30  =  810C ; 
that  of  the  triangle  is 
45  X  27  X  18 


=  10935. 


Fig.3. 

Their  sum  is  19035,  or  94  per  cent,  of 
the  moment  of  resistance  of  the  rectangle; 
hence  35  per  cent,  of  economy  has  been 
gained  at  the  expense  of  G  per  cent,  of 
stability. 

To  test  the  factor  of  safety  of  above 
section,  find  first  the  overturning  moment 
of  water-pressure  from  (5), 
M  T  =  10.42  X  45'  =  949523  foot  pounds. 
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To  find  that  of  the  wall,  supposing  its 
density  to  be  140  lbs.  per  cubic  foot, 

M  R  =:r  19035  X  140  =  2664900  ft.  pds. 

Factor  of  safety, 

2664900  _,,.. 
949523  -  '^•^^• 

The  section  is  acted  upon  by  two  forces, 
the  thrust  of  the  water  and  the  weight  of 
the  mass,  acting  at  right  angles  to  each 
other.  They  will  have  an  oblique  result- 
ant, cutting  the  base  at  some  point  which 
may  be  easily  determined.  For  this  it 
will  be  first  necessary  to  find  the  horizon- 
tal distance,  x^  of  the  centre  of  gravity  of 
the  mass  from  the  outer  toe  G  of  the 
dam.  Thus,  referring  to  previous  calcula- 
tions, 

19035 


877.75 


=  21.70  feet. 


Now,  referring  to  fig.  4,  we  have  the 
weight  of  the  mass  122885  lbs.,  acting 
vertically  downward  through  the  centre  of 
gravity  of  the  mass,  at  the  distance  already 
determined,  21.70  ft.  from  the  toe.  The 
thrust  of  the  water,  63281  lbs.,  acting  hori- 
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45 

zontally  at  the  height  of  -tt  =  15  ft.  from 

the  base,  cuts  the  hue  of  action  of  the 
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weight,  and  enables  us  to  construct  the 
triangle  of  forces  shown  in  the  figure. 

These  data  are  all  that  are  necessary 
to  calculate  the  distance  G  P  of  the  point 
P,  where  the  resultant  cuts  the  base  from 
the  toe  G ;  for,  from  similar  triangles,  we 
have 


X 

63281 


15 


122885* 


7.70  ft. 


18 
Then  G  P  =  21.70  —  7.70  =  14.00  £t. 

Note:  There  are  two  very  conven'ent  fomiulae  giving  the 
bottom  width,  b,  of  a  trapezoidal  wall  of  height,  h,  top 
width,  a,  and  density  J,  when  a  factor  of  safety,  /.  is  dosired. 
They  are,  as  against  sliding,  the  coefficient  of  friction 
being  c 

62. 50 /A 

"^-ri--"-;- <«> 

As  against  overturning 


'=)6\/-^^^^f^+3a2_    "L (6) 


Vlofh'i 

d  '    '"  2 

As  an  example,  let  />  =  30  ft.;  a  =  6  ft.;  d  =  125  lbs.; 
/=  2,  and  c  =  0.75.     Then,  as  against  siding,  nsing  («) 
6  =  34  ft. 
As  against  overturning,  using  (fo) 
b  =  18.84  ft. 
This  is  a  striking  illustration  of  the  danger  of  slippery 
foundations,  as  referred  to  in  the  foot  note  to  page  12. 
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CHAPTER    II. 

Unit  Stress. 

So  far  two  causes  only  of  failure  have 
been  considered,  which  indeed  generally 
reduce  to  one — namely,  overturning  around 
the  outer  toe  of  the  dam.  In  dams  up  to, 
say,  80  feet  high^  this  is  the  only  case 
that  need  "he  considered.  Beyond  this 
height  another  element  of  destruction  for- 
ces itself  into  the  problem,  namely,  the 
possible  crushing  of  the  material  under 
the  heavy  load  of  its  own  weight.  It  is 
this  consideration  that  places  the  HiGH 
Masonry  Dam  in  a  class  by  itself,  subject 
to  much  more  complicated  conditions  than 
its  more  diminutive  analogue. 

As  resistance  to  overturning  generally  ( 
embraces  resistance  to  sliding,  so  does  re-  ( 
sistance  to  crushing,  in  a  high  dam,  em-  I 
brace  that  to  overturning ;  so  that,  in  a 
high  masonry  dam,  we  need  only  trouble 
iibout  this  cause  of  failure. 
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The  problem  regarding  resistance  to 
crushing  consists,  first  in  determining  what 
degree  of  unit  stress  or  pressure  per 
square  foot  the  material  can  safely  sus- 
tain, and  then  in  so  designing  the  vertical 
section  that  all  the  lower  portion  shall  be 
a  section  of  equal  resistance;  that  is,  so  that 
if  any  number  of  horizontal  planes  be 
passed  through  this  portion,  the  maximum 
pressure  per  square  foot  shall  be  at  least 
approximately  equal,  and  in  no  case  shall 
exceed  the  designated  limit. 

It  will  be  necessary  to  elucidate  this 
subject  very  thoroughly,  because  it  con- 
tains the  kernel  of  the  whole  investigation. 

Let  fig.  5  represent  a  rectangular  prism 
of  homogeneous  masonry.  It  is  evident 
that  every  square  foot  of  the  base  receives 
the  same  degree  of  pressure,  and  if  it 
were  placed  upon  a  plane  surface  of  soft 
material  it  would  imbed  itself  to  an  equal 
depth  over  the  entire  area  of  the  base.  If 
it  were  placed  upon  a  hard  surface,  and 
its  height  were  sufficient  to  produce  a 
crushing  stress,  destruction  would  proba- 
bly  commence   by   a   scahng   off  of  the 
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edges  and  comers ;  for  it  is  there  that  the 
tendency  to  lateral  expansion — ^the  in- 
variable result  of  severe  compression — 
would  encounter  the  least  resistance. 


Fig.5. 

If  the  mass,  instead  of  being  in  the  form 
of  a  rectangular  prism,  had  that  of  a  pyr- 
amid symmetrical  ahont  a  vertical  axis  pass- 
ing through  its  centre  of  gravity,  the  unit 
stress,  or  pressure  per  square  foot,  would 
also  be  uniform  throughout  its  base— at 
least  it  is  assumed  so  to  be;  but  it  is  evi- 
dent that  the  pyramid  could  be  raised  a 
great  deal  higher  than  the  prism — three 
times  higher — before  the  crushing  stress 
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was  reached.  Its  comers  and  edges  would, 
however,  be  more  Hable  to  '^ check"  than 
those  of  the  prism,  because  sharper. 


I£  the  mass  were  in  the  form  shown  in 


fig.7. 

fig.  7,  the  unit  stress  would  be  no  longer 
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uniform  throughoi^t  the  area  of  the  base; 
it  would  be  greater  to  the  right,  where  the^ 
superimposed  weight  is  greater.  If  thio 
mass  were  placed  upon  a  slowly  yielding, 
substance  it  would  gradually  settle  to  the 
nght,  and.  finally  topple  over.  If  placed, 
upon  a  hard  surface,  crushing  would  be 
looked  for  first  at||the  right  hand  side, 
where  the  pressure  #as  greatest. 

Leaving  the  conf^jderation  of  unequally 
distributed  stress  for  the  moment,  let  us 
revert  to  the  case  shown  in  fig.  5.  It  is 
evident  that  the  rectanguUr  prism  might 
bp  carried  up  to  sucji  a  h(^ight  as  to  de- 
velop the  maximum  permissible  unit  stress 
at  the  base.  This  Ts^ould  be  the  limiting 
height  of  the  pillar  ,qf  masonry.  But  by 
placing  it  upoh  9, '  liied^stal  df  the  same 
material  of  grak^a|j&\adening  section,  we 
might  raise  it  to  a^ftbch  greater  height, 
provided  the  ratio  ,.pf:  (expansion  of  the 
base  corresponded  with  that  of  the  in- 
creasing weights  ■  ;1-    I         '  -'--.. 

The  question^  wx^u^d' then  be  to  deter- 
mine; the  J  law  of  correspondence  between 
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the  two.     This  may  be  <ione  by  a  simple 
algebraic  process. 

Let  0,  fig.  8,  represent  the  foot  of  a  rec- 
tangular prism  or  obeHsk  of  height  H,  and 
weight  W,  the  area  in  square  feet  of  its 
base  being  represented  by  a.    Let  it  stand 


upon  a  pedestal  P  of  the  same  material, 
or  one  of  equal  density  <f,  of  height  h,  and 
let  it  be  required  to  find  the  area  a  -f-  ^, 
which  the  pedestal  should  have  so  thatthe 
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unit  stress  upon  its  base  may  be  the  same 
as  at  the  base  of  the  obelisk.  The  addi- 
tional area  x  must  therefore  bear  the 
same  relation  to  the  weight  of  the  pedes- 
tal that  the  area  a  does  to  the  weight  of 
the    obelisk ;    that  is,  the  weight  of   the  1 

pedestal  being  {a-\- x)  d  h,  we  must  have    (J^ 

W  ^  {aj-  x)dh  V^J^ 

a  X         '  ^^       ^ 

a'dh  ^ 


W  —  adh 


The  total  area  of  base  of  pedestal,  A  = 
a  -f  X.  will  be 

A-    W-adh ^^' 

and  the  side  of  the  square 

S  =     f        ^ «      . 
N   W  -^adh 

These  formulae  will  apply  to  any  other 
additional  pedestal,  P,  by  making  W  = 
total  weight  upon  it,  and  a  the  area  of  the 
base  of  the  pedestal  immediately  above  it. 

We  see  by  (9)  that  the  value  of  A  will 
depend  upon  that  of  h,  which  is  the  inde- 
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pendent  variable.  We  may  take  h  as 
small  as  we  please,  but  caiinot  take  it  so 
large  as  to  make  adh  =  W. 


Fig. 9. 


Equation  (9)  may  be  generalised  'by 
replacing  W  by  its  equivalent/  Had,  and 
expressing  h  in  terms  of  H;  thus:  h  = 
c  H,  c  representing  ariy  suitable  fraction. 
We  then  have  -,         •  ?  ? 
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A  =  TT T" 


If  the  pedestal  supports  a  statue,  or 
any  object  other  than  the  supposed 
obeHsk,  it  can  be  reduced  to  an  equivalent 
obeHsk,  when  (9)  and  (10)  become  applica- 
ble. 

As  an  example :  Suppose  the  obelisk  O^ 
fig.  8,  to  be  100  £t.  high,  and  its  square  bas& 
to  contain  100  square  feet.  Suppose  the 
extreme  case  of  its  being  desired  to  raise 
the  obelisk  1000  ft.  high,  by  placing  it  on 
top  of  a  series  of  20  pedestals  each  50  ft. 
high.  What  would  be  the  area  of  the  last 
pedestal  1 

Here  c  —   ^  ,  and  (10)  becomes 

that  is,    the   area    of    each    pedestal    is 
double  that  of  the  one  next  above  it. 

The  equation  just  given  represents  a 
geometrical  progression,  of  which  the  first 
term  is  100  and  the  ratio  2.     The  value 
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o£  the  21st  term,  Vriich  represents  the 
area  of  the  20th  pedestal,  is  therefore 
104,857,600  sq.  ft.,  and  the  side  of  the  ped- 
estal 10,240  ft.,  or  niore  than  a  thousand 
times  greater  than  th^-t  of  the .  obelisk.; 

Suppose  we  make,  c  —'  j-pr^;  that  is,  use 

1000  pedestals  each  1  foot  high;  then 
(10)  becomes 

100 

Here  we  still  have  the  geometrical  pro- 
gression, of  which  the  first  term  is  100;  but 

100 

the  ratio  is  reduced  to  -^,  and  the  side  of 

the  last,  or  1000th  pedestal  becomes  about 
1523  ft. 

It  is  obvious,  however,  that  the  above 
method  of  making  the  pedestal  a  series  of 
rectangular  blocks  is  f  aultly,  because  each 
pedestal  is  carrying  an  additional  useless 
load.  All  the  projecting  ofEsets  or  steps 
could  be  advantageously  removed  and  the 
blocks  made  in  the  fonn'  of  truncated  pyr- 
amids, as  shown  in  fig.  '9. 
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The  weight  of  each  wcnikl  then  be 
(2  a  +  x)  d  h 


2     , 

and  the  desired  relation, 

W 

(2  a  +  a-)  d  h 

a 

2x 

whence 

X 

_       2cfidh 
2W  —  ad  h' 

and  total 

area, 

A, 

A    =: 

_2W  a -\-  dha^- 

2W  —  dha     ^^^^ 

Substituting  Had  and  c  H  for  W  and  //, 

A  =  %+Aa (12) 

2  —  c 

Let  c  =  i.  as  before  ;  then 
A  =  1  a. 

o 

The  ratio  of  the  geometrical  progression 

5 

is  now  reduced  to  — ,  and  the  side  of  the 
o 

last  pedestal  drops  to  1654  ft. 

If  we  make  c  =  - — ,  then 
100 


30 
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and  the  side  of  the  last,  or  1000th  pedestal, 
becomes  1485  ft. 

There  is  much  less  advantage  in  reduc- 
ing the  height  of  the  pedestal  in  this  case 
than  in  that  of  the  rectangular  prisms. 

The  side  of  any  intermediate  pedestal 
can  be  found  in  the  same  way.  If  the 
truncated  pyramids  50  ft.  in  height  were 
used,  then  at  a  distance  of  500  ft.  from  the 
top,  the  side  of  the  square  base  of  the  10th 
pedestal  would  be  128.6  ft.* 

Although  this  example  seems  foreign  to 
the  subject  of  dam-building,  yet  it  mani- 
fests most  strikingly  that,  while  it  is  theo- 
retically possible  to  design  a  structure  of 
equal  compressive  resistance  of  any  height, 
yet  when  certain  moderate  heights  are 
exceeded,  the  geometrical  progression  runs 
us  into  preclusive  dimensions,  recalling 
the  famous  problem  of  the  horseshoe  nails. 


*  By  the  aid  of  logarithms  these  calculations  are  rapidly 
and  easily  performed. 
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CHAPTER  III. 
Unequally  Distributed  Unit  Stress. 

Previous  calculations  relating  to  fig.  4 
show  that  the  resultant  weight  of  the 
trapezoidal  wall,  when  there  is  no  water 
])ressure  against  it,  acts  vertically  down- 
ward on  a  line  passing  through  its  centre 
of  gravity  and  cutting  the  base  at  a  point 
distant  11.30  ft.  from  the  inner  toe,  A. 
When  the  wall  sustains  a  full  head  of 
water,  the  horizontal  thrust,  combined  with 
the  weight  of  the  wall,  produces  an  oblique 
resultant  which  cuts  the  base  14  feet 
from  the  outer  toe,  Gr.  ,     • 

These  two  pressures,  the  one  acting 
vertically  downward  when  there'  is  n;o 
water  behind  the  wall,  and  the  other 
obliquely  downward  and  outward  when 
there  is  a  full  head  behind  it,  are-  essen- 
tially different  in  character.  The  first 
produces  compression  only ;  the  second, 
compression  and  shearing  stress.  " 
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This  second  pressure,  namely,  the  result- 
ant of  a  vertical  downward  force  and  a 
horizontal  thrust,  may  be  resolved  at  the 
point  P  back  to  its  components,  producing 
a  downward  vertical  pressure  exactly 
equal  to  the  weight  of  the  dam,  and  a 
horizontal  one  exactly  equal  to  the  thrust 
of  the  water.  The  first  produces  the 
crushing  stress,  and  the  second  the  shear- 
ing stress  already  mentioned. 

The  horizontal,  or  shearing  stress,  is 
rightly  or  wrongly  wholly  ignored,  and 
the  vertical  component,  or  crushing  stress, 
only  considered.  The  water  pressure 
is  therefore  supposed  to  have  no  other 
effect  than  to  move  the  point  of  the  ap- 
plication, or  point  of  mean  pressure  of 
the  weight  of  the  dam,  from  its  position 
nearer  the  point  A  to  a  position  nearer 
the  point  Gr. 

Now  it  has  already  been  recognized 
(fig.  7)  that,  when  the  point  of  application 
of  the  weight  of  the  mass  does  not  cut 
the  middle  of  the  base,  the  uniformity  of 
the  distribution  of  the  stress  is  destroyed, 
being  intensified  between  such  point  of 
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application  and  the  nearer  toe  of  the  wall. 
The  unit  stress  can  therefore  no  longer  be 
determined  by  simply  dividing  total  weight 
by  total  base ;  and  if  our  structure  is  so 
high  as  to  inspire  fears  of  its  crushing  by 
its  own  weight,  we  may  be  uncertain  how 
nearly  it  has  approached  the  limit  of  safe- 
ty. We  know,  for  instance  (fig.  4),  that 
the  pressure  is  intensified  with  an  empty 
reservoir  in  the  neighborhood  of  A,  and 
with  a  full  one  in  the  neighborhood  of  G ; 
but  by  how  much  1 

On  this  point  we  have  no  certain  kuowl. 
edge  5  but  the  following  formulae  of  French 
origin,  partly  rational  and  partly  empiri- 
cal, have  received  general  acceptance  : 


^< 


L-d 


W 


Fig.  10. 

Let  A  B  (fig.  10)  represent  any  horizon- 
tal course  of  a  mass  of  masonry  of  length 


B 


u 


L,  the  resultant  pressure  upon  which,  cuts 
the  course  at  the  distance  d  from  the 
nearer  extremity  B.  At  this  point  it  is  re- 
solved, if  oblique,  into  two  components, 
one  of  which  is  the  vertical  downward 
pressure,  W.  The  two  quasi  empirical 
formulae  giving  the  intensity  of  unit  stress 
at  B,  are  then : 

F=^{h-l/od) (13) 

3  d  .      V  . 

The  first  is  to  be  used  when  d  is  equal 

to,  orgreater  than-— ,  and  the  second  when 
o 

d  is  equal  to,  or  less  than  —     When  d  = 

---,  they  give  identical  results. 
o 

The  demonstration  of  these  formulae, 
for  which  reference  may  be  had  to  Mr. 
Wegmann's  "  Design  and  Construction  of 
Masonry  Dams,"  and  also  to  an  article  in 
the  number  for  August,  1884,  of  Van  Nos- 
trand's  Engineering  Magazine,  is  far  from 
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satisfactory ;  but  it  may  be  admitted  that 

(13)  always  gives  safe  results,   and  that 

(14)  can   be  confidently   used  when  d  is 

only  slightly  less  than  -^ .     In   relatively 
o 

small  values  of  d,  it  cannot  be  trusted. 

An  examination  of  these  two  formula? 
does  not  increase  our  confidence  in  their 
scientific  correctness.  It  seems  odd,  for 
instance,  since  P  depends  upon  the  rela- 
tive value  of  the  variable  d,  that  the  char- 
acter of  the  two  formulae  should  so  greatly 
and  so  abruptly  change  at  the  point  where 

d  =  —.     The  reasons  for  this  become  part- 
o 

ly  apparent  on   studying  the   manner  in 

which  the  formulae  were  derived,  but  the 

process  of  reasoning  is  by  no  means  fully 

satisfactory. 

The  present  writer  is  disposed  to  beheve 

that  a  general  and  more  correct  formula 

is  the  following : 

P  =  ^z<^'-^> <i-^) 

and  that  the  pressure,  as  thus   expressed, 
extends  over  the  entire  space  d,  instead 
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of  increasing  from  the  point  of  application 
of  the  resultant  to  the  extremity  B,  and 
becoming  maximum  at  B,  as  is  assumed 
in  the  French  theory.  No  doubt  the  ten- 
dency to  rupture  will  be  greater  at  this 
point,  for  reasons  already  stated;  but  it  is 
believed  that  the  intensity  of  the  stress  is 
uniform  throughout  d. 

The  reasons  leading  to  the  adoption  of 
(15)  are  as  follows  :  We  know,  or  assume, 
that  when  the  resultant  cuts  the  base  in  the 
middle  the  unit  stress  is  equal  through- 
out the  two  equal  segments  into  which  it 
divides  the  base.  We  know  also  that,  as 
the  resultant  moves  away  from  this  central 
position,  it  intensifies  the  stress  upon  the 
shorter  segment,  and  since  the  total  pres- 
sure upon  both  segments  must  be  equal  to 
the  total  weight,  that  it  relieves,  propor- 
tionally, the  stress  upon  the  longer  one. 
The  question  is,  in  what  proportion  does 
the  intensity  of  the  stress  increase  on  one 
segment  and  diminish  upon  the  other! 
It  appears  rational  to  assume,  in  view  of 
the  above  facts  or  admitted  assumptions, 
that   the  ratio  should  be  inversely  as  the 
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lengtlis  oj  ilie  segments  to  the  total  length. 
Hence,  weight  W*  upon  shoi*ter  segment, 
the  only  one  we  are  concerned  about,  is 

W»       L  —  ^ 


W  "       L    ' 

L        ' 

the  unit  stress  in  d 

as  already  given. 

To  test  the  agreement  of  the  three  for- 
mulae we  can  express  d  in  various  fractional 

values  of  L.     For  d  =  A,  (13)  and  (15) 

give  identical  results.    For  d  —  — ,  all  three 

o 

give  identical  results.    Between  these  two 

limits  (15)  gives  values  a  little  less  than 

(13),  the   maximum  divergence  occurring 

for  a  point  midway  between  the  two,  or  d 

5 
=  1-1^,  when  the  value  of  P  per  (15)  is 

93i  per  cent,  of  that  per  (13). 
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For  values  of  d  less  than  — -  (15)  gives 

o 

values  o£  P  rapidly  increasing  over  those 
afforded  by  (14).  When  we  recall  that  but 
small  confidence  can  be  placed  in  this  latter 

when  d  differs  greatly  from  -^,  and  that  it 

o 

is  precisely  for  such  values  of  d  that  the 
most  dangerous  stresses  occur,  it  seems 
clear  that  we  should  give  preference'  to 
the  formula  offering  the  larger  factor  of 
safety.  The  limit  of  application  of  these 
two  formulae,  (14)  and  (15),  occurs  when 
d  =:  0,  when  the  mass  above  the  course 
A  B  is  on  the  point  ovei'turning  around 
B.  This  condition  is  approximated  if  we 
make  d  =  unity,  taking  the  unit  very 
small;  or,  what  is  the  same  thing,  suppos- 
ing the  corresponding  value  of  L  to  be 
very  large.  The  entire  mass  of  weight, 
W,  is  then  just  about  to  be  balanced  upon 
the  very  small  surface  d  =  1,  and  yet  (14) 
in  this  case  would  give  only  two-thirds  of 
the  weight,  as  bearing  or  about  to  bear 
upon  the  unit  of  surface,  while  (15)  would 
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give,  practically,  P  =  W,  as  is  undoubted- 
ly correct. 

Since,  therefore,  the  new  formula  gives 
total  pressures  which  are  certainly  correct 
for  the  two  limiting  values  of  r?,  namely, 

--  and  0,  and  agrees  with  both  the  other 

formulae  for  d  =        ii  would  seem  to  have 
o 

much  to  recommend  it  as  a  safe  guide  for 

intermediate  values. 

It  remains  now  to  say  a  few  words  re- 
specting the  degree  of  crushing  stress  to 
which  it  is  proper  to  submit  stone  ma- 
sonry. 

Stone  masonry  is  a  composite  material, 
composed  of  stone  or  brick  and  mortar. 
The  moi*tar  is  itself  composite,  being  com- 
i:)Osed  of  sand  and  cement,  the  latter  either 
natural  or  Portland,  in  various  proportions. 
It  is  evident  that  in  estimating  the  strength 
of  such  masonry  we  must  base  our  calcu- 
lations upon  that  of  the  weakest  compo- 
nent. Mortar  made  with  best  imported 
Portland  may  or  may  not  be  as  strong  as, 
or  ev^  stronger  than  the  stones  which  it 
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binds  together.  The  ultimate  crushing 
strength  o£  all  the  materials  used  in  such 
structures  as  high  masonry  dams  is  very 
great;  but  it  is  evident  that  the  loads 
under  which  carefully  tested  samples  give 
way  must  not  be  even  remotely  approached 
in  practice.  As  regards  high  masonry 
dams,  the  utmost  conservatism  should"  be 
observed  in  fixing  the  data  upon  which 
their  dimensions  depend,  in  view  of  the 
terrible  consequences  of  failure ;  of  the  fact 
that  such  structures  must  be  planned  for 
a  more  permanent  duration  than  perhaps 
any  other  of  the  works  of  man^  and  of  the 
difficulty  or  impossibility  of  subsequently 
correcting  any  errors  which  may  have 
been  committed,  either  in  their  design  or 
execution. 

These  considerations,  together  with  the 
uncertainty  which  exists  regarding  the 
actual  strength  of  the  materials  used,  lead 
to  the  adoption  of  a  hmiting  unit  stress  of 
from^  15,000  to  20,000  lbs.  per  sq.  foot, 
always  inclining  to  the  lower  figure,  which 
limit  is  entirely  safe  for  any  good  hydrau- 
lic masoiiry. 
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CHAPTER  lY. 

The  Vertical  Section  of  High 
Masonry  Dams. 

The  French  engineers  were  the  pioneers 
of  scientific  designing  o£  high  masonry 
dams,  and  the  noble  structure  across  the 
Furens,  near  St.  fitienne,  is  the  prototype 
of  its  class. 

The  problem — successfully  worked  out — 
was  to  ascertain  by  calculation  the  section 
of  equal  rcsistmwe  against  crushing  of  such 
structures,  both  for  a  full  and  an  empty 
reservoir. 

It  would  be  foreign  to  the  purpose  of 
the  present  little  volume  to  enter  into  the 
mathematics  of  this  problem,  m6re  partic- 
ularly as  it  would  be  merely  an  interesting 
studj,  without  any  real  practical  utility.' 
It  is  quite  unnecessary  to  repeat  these  cal- 
culations each  time  that  it  is  desired  to 
design  a  high  dam,  because  a  standard 
type  has  been  evolved  from  practical  and 
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theoretical  considerations,  whicli  we  know 
cannot  be  materially  varied.  "We  may, 
therefore — giv^n  the  height  of  a  proposed 
dam — immediately  lay  down  on  paper  a 
section  to  which  we  know  it  must  very 
closely  conform,  and  then  by  a  few  simple 
processes  test  it  at  certain  critical  points, 
introducing  the  probable  density  of  the 
Class  of  masonry  which  we  are  about  to 
employ,  and  giving  due  weight  to  any 
other  special  details  of  the  particular  proj- 
ect under  consideration. 

It  will  be  found,  too,  that  though  we 
may  very  nearly,  or  even  exactly,  obtain  a 
section  of  equal  resistance  upon  paper,  the 
design  so  obtained  will  generally  be  prac- 
tically inapplicable^  owing  to  constructional 
requirements,  which  will  necessitate  more 
or  less  of  a  compromise  between  the  ideal 
and  the  possible. 

The  whole  subject  will  be  best  elucidat- 
ed by  a  numerical  example.  Let  us,  there- 
fore, proceed  to  design  a  dam  250  feet 
high,  assuming  a  density  of  masonry  of 
140  lbs.  per  cubic  foot.  The  completed 
section  with  full  dimensions  is  given  in 
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fig.  11.  The  maximum  miit  stresses  are 
also  shown  at  different  heights.  The 
manner  in  which   these   dimensions  and 


stresses  have  been  arrived  at  will  be  best 
understood  by  considering  first  the  upper 
one  hundred  feet,  and  working  our  way 
down,  say  50  feet  at  a  time,  until  we  reach 
the  full  height  of  250  feet ;  for  high  ma- 
sonry dams  are  best  built,  at  least  on 
paper,   like   the   Irishman's   chimney,   by 


u 


beginning  at  the  top  and  building  down- 
ward. > 


Referring,  therefore,  to  fig.  12,  we  see 
that  this  section  is  composed  of  two  trian- 
gles, one  A  B  C,  right  angled,  of  height  A 
C  =  100  ft.,  and  base  A  B  =  '/^  A  C  = 
75  ft.  The  second,  C  D  E,  has  an  invert- 
ed base  of  30  ft.,  which  represents  the  top 
width  of  the  dam.  This  latter  dimension 
is  fixed  arbitrarily,  according  to  the  re- 
quirements  of  each  particular   case.     In 
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the  figure  it  is  given  a  face  batter,  D  E,  of 
one  inch  to  the  foot,  at  which  rate  it  will 
intersect  the  slope  B  C  of  1  to  0.75  at  a 
vertical  distance  from  the  top  equal  to  one 
and  one  half  times  the  width  CD;  in  this 
case  at  a  distance  of  45  feet. 

Our  study  of  this  section  consists  in  as- 
certaining the  maximum  unit  stresses  in 
the  base  A  B,  both  when  the  reservoir  is 
full  and  empty.  To  do  this  it  is  first  ne- 
cessary to  determine  the  point  at  which  a 
vertical  line,  drawn  through  the  centre  of 
gravity  of  the  area  A  C  D  E  B,  will  cut  the 
base  A  B.  We  must  first  find  the  distance 
of  the  centres  of  gravity  of  the  two  trian- 
gles from  some  given  "  axis  of  moments", 
and  then  combine  their  moments  about  this 
axis.  It  is  best,  in  studying  such  a  proj- 
ect as  that  now  before  us,  to  take  this  axis 
well  to  one  .side  of  the  figure,  so  that  if  it 
becomes  desirable  to  modify  the  section  as . 
we  go  on,  by  widening  the  base,  all  calcu- 
lations already  made  may  be  still  available. 
Let  us  refer  everything  to  an  axis  of  mo- 
ments parallel  to  A  C,  and  situated  230  feet 
to  the  right  of  it. 
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It  may  be  here  remarked  that  the  slide- 
rule  will  be  found  of  the  greatest  conveni- 
ence in  these  calculations,  particularly  in 
tentative  operations. 

The  area  of  the  triangle  C  D  E  is  675 
sq.  ft.  The  distance  of  its  centre  of  grav- 
ity from  A  C,  found  either  by  calculation 
or  graphically,  is  21.25  ft.  Its  distance 
from  the  axis  of  moments  is  therefore 
230  —  21.25  =  208.75  ft.  The  area  of  the 
triangle  A  B  C  is  3750  sq.  ft.,  and  the 
distance  of  its  centre  of  gra\4ty  from  A  C 
is  25  ft.  Its  distance  from  the  axis  of 
moments  is  therefore  230  —  25  =  205  ft. 

It  is  clear  that  the  moment  of  the  area 
A  C  D  E  B  about  the  given  axis  will  be 
equal  to  the  sum  of  the  moments  of  the 
two  triangles  of  which  it  is  composed 
about  the  same  axis.  Hence,  if  we  divide 
the  sum  of  these  two  moments  by  the 
total  area,  we  obtain  the  distance  of  its 
centre  of  gravity  from  the  given  axis. 
Thus, 

675  X  208.75  =  140906.25 
3750  X  205       =  768750.00 


4425  909656.25 
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and 

^^1^^=205.57  ft 
4425 

The  distance  of  centre  of  gravity  of 
total  area  from  A  C  is  therefore 

230  —  205.57  =  24.43  ft. 

This  falls  just  outside  of  the  middle 
third,  owing  to  the  influence  of  the  small 
triangle. 

The  weight  of  the  total  area,  supposing 
a  slice  1  ft.  thick  to  be  taken,  is  4425  X 
140  =  619500  lbs. 

We  have  now  all  the  necessary  data  to 
find  the  unit  stress  in  the  A  segment  of 
the  base  A  B,  when  the  reservoir  is 
empty,  by  means  of  (15).     Thus, 

^       619500(75  —  24.43)       .-^oou 

P  =  =^ — ^.  .„ =  1/098  lbs. 

7o  X  24.43 

This  is  the  maximum  stress  when  there 
is  no  water-pressure.  We  want  now  to 
ascertain  what  the  stress  is  when  the  sur- 
face of  the  water  in  the  reservoir  is  level 
with  the  top  of  the  dam.     By  (1)  we  have 

T  =:  31.25  X  10,000  =  312500  lb& 
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This    thrust  is   applied   at  the   height 

100  ' 

-^  £t.  above  A  B.     Lay  off  the  work  as 

shown  in  fig.  12,  to  scale,  if  the  operations 
are  to  be  performed  graphically ;  if  by  cal- 
culation, a  simple  sketch  irrespective  of 
scale  suffices.  If  the  work  is  done  by  cal- 
culation we  require  the  distance  x.  This 
is  obtained  by  similar  triangles 

Sx       3125  __^ 

100=  6195  5  ^^^^•^^- 

The  distance  from  point  of  intersection 
of  resultant  to  B  is  found,  by  subtraction, 
to  be  33.76  ft.  Applying  (15)  we  find  the 
maximum  unit  stress  for  a  full  dam  to  be 
10,090  lbs. 

If  fig.  12  represented  a  dam  100  ft. 
high,  instead  of  only  the  upper  part  of  one 
a  great  deal  higher,  it  would  be  regarded 
as  a  rather  bad  design  j  for  there  would  be 
too  great  a  difference  between  the  maxi- 
mum stresses  when  the  reservoir  was  alter- 
nately full  and  empty.  To  rectify  this,  the 
base  A  B  might  be  somewhat  shortened  to 
the  right  of  A,  and  the  difference  added  to 
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the  left  J  giving  the  side  A  C  a  batter  from 
about  80  ft.  below  the  top  to  the  end  of 
the  extended  base.  Or,  if  proper  material 
were  at  hand,  an  earthen  embankment 
might  be  placed  on  the  inside,  against  the 
vertical  back  of  the  dam,  !extending 
perhaps  half  way  to  the  top,  which  would 
l:»iing  a  permanent  counter-pressure  to 
bear,  thereby  reducing  the  unit  stress 
when  the  reservoir  was  empty.  In  dams 
with  vertical  backs  this  earth  embankment 
is,  in  the  author's  opinion,  under  all  circum- 
stances, a  recommendable  feature.  The 
reason  why  this  design  is  suitable  for  the 
upper  part  of  a  higher  dam  is,  as  we  shall 
presently  see,  that  with  the  increased 
height  the  pressures  due  to  a  full  reservoir 
rapidly  increase,  and  we  must  save  all  the 
extension  of  base  possible  on  the  inside, 
so  as  to  add  it  to  the  lower  side,  as  we 
keep  adding  to  the  height  of  our  dam. 

Continuing,  we  get  the  section  shown  in 
fig.  13  for  the  upper  150  feet  of  our  dam. 
We  still  have  the  triangle,  with  base 
equal  to  three  quarters  of  the  height  as 
the    basis    of    the   design,    but    admon- 
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ished   by    the    comparatively    high    unit 


stress  on  the  left  hand  side  of  the  base 
when  the  reservoir  is  empty,  a  batter 
has  been  given  to  the  inside  face  of  1  to  4, 
for  the  last  50  ft.  of  height.  The  area  of 
the  little  triangle  thus  added  is  312.50 
square  ft.,  and  the  distance  of  its  centre 
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of  gravity  from  the  axis  of  moments  is 
234.17  ft.  The  area  of  the  main  triangle 
is  8437.5  sq.  ft.  and  its  distance  from  the 
axis  192.i).  The  elements  of  the  npper 
small  triangle  are  the  same  as  before. 
Hence 

675 140906.25 

8437.5  X  192.50 1624218.75 

312.5  X  234.17 73178.13 

9425.0  1838303.13 

and 

1838303.13      ,„.„,,, 
— 3^2^=190.04  ft. 

The  shorter  segment,  when  the  reser- 
voir is  empty,  is  therefore  230  -\-  12.50  — 
195.04  =  47.46  ft.,  and  the  weight  of 
the  mass  9425  x  140  =■■  1,319,500  lbs. 
The  unit  stress  on  the  left-hand  side  of 
the  base  is,  therefore,  per  (15),  17,  246  lbs. 
per  sq.  ft. 

The  thrust  of  the  water,  when  the  res- 
ervoir is  full,  being  703,125  lbs.,  we  obtain, 
by  the  same  process  as  already  employed 
for  the  first  section,  a  length  of  50.90  ft.  for 
the  shorter  segment,  and  a  unit  stress, 
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when  tlie  reservoir  is  full,  upon  the  right- 
hand  side  of  the  base,  of  15,367  lbs.  per 
square  ft.  This  is  a  favorable  result ;  for 
it  is  considered  good  practice  to  favor  the 
outside  pressures^  or  those  corresponding 
to  a  full  reservoir,  rather  than  those  cor- 
responding to  an  empty  one. 


Fig.  14. 

In  the  next  addition  of  50  ft.,  when  the 
dam  reaches  the  height  of  200  ft.,  some 
modifications  are  necessary.  The  base 
must  widen  more  rapidly,  for  the  pres- 
sures are  beginning  to  increase  faster  than 
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the  length  of  case.  The  outside  slope 
is  therefore  increased  to  1  to  1,  and  the 
inside  to  ^  to  1,  as  shown  in  fig.  14. 

An  examination  of  this  figure  will  show 
that  there  have  been  added  two  triangles, 
one  of  625  square  feet  and  the  other  of 
1250  square  feet,  and  a  rectangle  of  6250 
s(|uare  feet  to  the  previous  section.  As- 
cei*taining  the  relative  positions  of  their 
centres  of  gravity,  and  utilizing  the  calcu- 
lations already  effected,  we  have  : 

9425 1838303.13 

625  X  250.83 156768.75 

6250  X  180.00 1125000.00 

1250  X  100.83 126037.50 

17550  3246109.38 

and 

3246109.38^^3^,^,^ 
17550 

Proceeding  as  before,  we  get  the  lengths 
of  d  for  the  two  assumptions  of  a  full  and 
an  empty  reservoir  as  shown  in  the  figure, 
with  unit  stresses  in  the  two  cases  of 
17,126  and  17,482  Ihs.  per  square  foot. 
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Our  increasing  unit  stresses  admonish 
us  that  we  still  are  not  expanding  our 
base,  particularly  to  the  right,  sufficiently 
rapidly  5  for  we  are  approaching  a  height 
where,  as  in  the  case  of  the  obelisk,  our 
section  of  equal,  or  approximately  equal, 
resistance  demands  a  more  pronounced 
flare.  Our  difficulties  are  beginning  to 
thicken,  for  good  construction  demands 
that  no  slope  shall_exceed  1  to  1^  because 
we  must  at  all  hazards  avoid  expansion 
purchased  at  the  cost  of  sharp  edges, 
since  that  would  only  give  us  the  ap- 
pearance of  a  sufficiently  wide  base,  which 
the  feeble  resisting  power  of  the  edges 
would  render  practically  useless. 

In  our  final  section,  for  the  full  height 
of  250  ft.  we  must  therefore  have  recourse 
to  offsetting,  as  shown  in  fig.  (15),  and  also 
in  fig.  (11),  for  the  outside  lines,  and  we 
will  also  flatten  the  inside  slope  down  to  1 
tof. 

Proceeding  exactly  as  before,  and  utiliz- 
ing all  previous  work,  we  get  the  data  shown 
in  fig.  (15),  and  from  them  deduce  the  unit 
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stress  of  19,151  lbs.  for  a  full  reservoir, 
;ind  18,071  lbs.  for  an  empty  one. 


I  -  -     ?-^^ 
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Fig.  15. 

It  mil  be  seen  that  it  has  been  practi' 
cally  impossible  to  adhere  to  a  section  of 
equal  resistance,  and  the  best  we  can  do 
is  not  to  exceed  a  given  limit,  and  to 
approach  it  as  slowly  as  possible.  Our 
limit  of  15,000  to  20,000  lbs.  per  square 
ft.  may  be  regarded  as  a  conservative  one 
for  good  masonry ;  for  it  has  often  been 
exceeded,  apparently  \^'ith  impunity,  in  ac- 
tual structures.  The  question  of  what  the 
ultimate  allowable  stress  is,  depends  upon 
so  many  considerations^  among  others  the 
temperament  of  the  designing  engineer, 
that  it-cannot  be  reduced  to  one  of  mathe- 
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matics.  It  must  be  constantly  borne  in 
mind  that  dams,  both  high  and  low,  be- 
long to  a  class  of  engineering  structures 
against  which  many  disastrous  failures 
stand  recorded,  and  we  should  not  allow 
ourselves  to  be  carried  away  by  a  desire 
to  design  a  "bold^'  structure.  Boldness 
in  such  cases  may  easily  degenerate  into 
recklessness,  perhaps  the  worst  character- 
istic short  of  dishonesty  that  a  hydraulic 
engineer  can  possess. 

On  looking  at  the  section  shown  in  fig. 
11,  it  appears  indeed  to  be  superabundant- 
ly strong,  because  one  instinctively  judges 
its  dimensions  according  to  their  mutual 
proportions,  and  in  relation  to  the  resist- 
ance of  the  whole  to  overthrow  only. 
This,  however,  is  not  the  element  of  dan- 
ger that  we  are  figuring  against,  but  just 
simple  crushing  by  great  and  unsymmet- 
rically  disposed  pressure,  and  the  eye  can 
guide  us  but  little  in  judging  of  the  suita- 
bleness of  our  design  in  this  respect. 
Proportions,  irrespective  of  actual  height 
and  consequent  weight,  do  not  affect  this 
question  ;  for  we  cannot  say,  of  a  section 
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adapted  to  one  height,  that  it  can  be  made 
applicable  to  another  height  by  simply 
changing  the  scale  of  the  drawing,  for  the 
sections  proper  for  the  two  cases  are  not 
similar  figures.  The  best  way  to  design 
a  high  masonry  dam  is  to  proceed  as  we 
have  done,  starting,  as  a  ground  work^ 
with  a  right-angled  triangle  of  one  of 
height  to  three  quarters  of  base  or  of  one 
of  height  to  two  thirds  of  base,  as  in  the 
additional  example  presently  to  be  given,, 
and  expanding  both  ways  as  we  go  down, 
never  exceeding  a  slope  inside  or  outside 
of  1  to  1,  and  resorting  to  stepping  when 
this  slope  does  not  open  out  rapidly 
enough. 

What  precedes  shows  us  that  stone  ma- 
sonry being  the  material  employed,  there 
is  a  limit  to  the  height  of  a  dam  which  in 
practice  cannot  be  exceeded.  The  Hmit 
has  been  pretty  nearly  reached  in  our  ex- 
ample, and  it  would  require  very  strong 
reasons  to  make  it  advisable  to  exceed 
this  height.  Dams  are  generally  built 
w4th  the  intention  of  forming  reservoirs 
for  the  purpose  of  storage.     It  would  be 
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an  exceptional  case  which  did  not  permit 
of  the  construction  of  several  dams  of 
moderate  height  and  equivalent  aggregate 
capacity  rather  than  one  of  extravagant 
dimensions.  While  up  to  a  certain  eleva- 
tion the  single  high  dam  would  be  cheap- 
er than  two  or  more  lower  ones,  beyond 
that  height  the  reverse  would  be  the  case. 

In  the  preceding  design  for  a  dam  250 
ft.  high,  it  is  understood  that  the  entire 
height  is  above  ground.  Nearly  always, 
in  a  high  masonry  dam,  it  is  necessary  to 
go  down  a  considerable  distance  to  find  a 
satisfactory  rock  foundation,  upon  which 
alone  a  purely  masonry  dam  should  be 
built.  This  matter  of  foundation  is  apt 
to  be  a  very  expensive  one,  on  account 
of  the  enormous  volume  of  excavation 
and  of  masonry  which  deep  foundations 
involve. 

Fortunately,  the  masonry  imbedded  in  a 
deep  foundation  can  sustain  a  much  great- 
er pressure  than  if  standing  up  in  an 
isolated  block,  because  the  pressure 
against  the  sides  prevents,  to  a  very  con- 
siderable extent,  the  lateral  expansion  of 
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the  material  which  is.  an  accompaniment 
of  crushing.  This  pressure  acts  like  the 
iron  band  placed  around  the  head  of  a 
])ile  to  prevent  brooming  or  splitting  under 
the  blows  of  the  hammer. 

We  may  adopt  a  maximum-unit  stress 
for  imbedded  masonrj^  of  about  30,000 
lbs.  per  square  foot. 

Supposing,  now,  that  in  our  example  we 
Avere  obliged  to  go  100  ft.  deep  for  a- 
proper  foundation.  We  will  let  our  super- 
structure, as  already  designed,  rest  upon  a. 
!)lock,  rectangular  in  vertical  section,  and 
l»rojecting  20  ft.  beyond  the  outer  toe,  and 
15  ft.  beyond  the  inner  one,  as  shown  in 
figure  16. 

Combining  the  moment  of  this  mass 
with  the  moments  of  the  two  resultants  of 
the  superstructure  coi^esponding  respect- 
ively to  a  full  and  empty  reservoir,  we  get. 
the  two  values  of  f?  =  155.9  and  d  —  155.6,. 
shown  in  the  figure,  which  give  a  unit 
stress  as  above,  under  the  two  conditions. 
of  water-pressure  and  absence  of  the  same. 

The  object  of  keeping  the  sides  of  the 
foundation-block  vertical   is  that  it  may 
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Teceive  the  full  advantage  of  tue  lateral 
support  of  the  earth  or  soft  rock  in  which 
it  may  be  imbedded. 


295-- 


330 


iss.eo 


155.90 


Fig.  16. 

It  is  evident,  from  our  calculations,  that 
the  Leavier  the  masonry  of  which  the  dam 
is  composed  the  more  favorable  it  is  for 
Tesisting  water-pressure,  and  the  more 
xmfavorable  when  resisting  only  its  own 
"weight. 

When  the  dam  is  full,  there  is  a  certain 
amount  of  downward  pressure  brought 
upon  it  from  the  weight  of  the  prism  of 
^water  resting  upon  its  inside  polygon. 
This  has  been  neglected  in  our  calcula- 
iaons,  because  its  action  is  somewhat  un- 
certain.    WTiatever  it  may  be,  it  lessens 
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the  unit  stress  to  a  gi-eater  or  less  degree, 
and  constitutes  a  smalf  additional  factor 
of  safety. 

It  remains  to  mention  two  other  factors 
in  the  calculation  of  dams  which  have 
been  neglected,  but  which  other  authors; 
dwell  upon.  One  is,  the  possible  diminu- 
tion of  the  weight  of  the  structure,  front 
the  supposed  upward  pressure  of  water- 
penetrating  to  its  bottom  through  fissures 
in  the  rock  upon  which  it  stands.  The 
author  finds  it  impossible  to  conceive  thati 
such  an  upward  pressure  should  exist  to 
the  extent  of  exercising  any  appreciable^ 
effect  upon  the  stabiHty  of  a  dam,  particu- 
larly one  seated  upon  deep  foundations^ 
He  considers  such  a  factor  as  wholly  neg- 
ligible. 

Nor  can  he  agree  with  those  who  main- 
tain that  the  thrust  of  the  water  from  a. 
full  reservoir  should  be  considered  as  that- 
due  to  a  head  extending  from  the  top  ofT 
the  dam  to  the  bottom  of  the  foundations.. 
That  portion  of  the  dam  which  is  buried 
in  the  earth  or  rock  should,  in  his  opinion 
be  considered  entirely  apart  from  the  dam. 
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proper,  and  as  subject  to  an  entirely  dif- 
ferent class  of  stress.  He  would  consider 
this  portion  of  the  structure  as  forming, 
in  fact,  a  part  of  the  geology  of  the  terri- 
tory, and  confine  his  calculations  as  regards 
the  thrust  of  the  water  to  the  superstruc- 
ture which,  standing  in  rehef  above  the 
surface  of  the  surrounding  ground,  receives 
the  pressure  of  the  water  on  one  side  and 
that  of  the  atmosphere  'only  on  the  other. 
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Fig.  17. 
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Fig.  17  is  given  as  an  additional  example- 
of  a  dam  with  the  same  data  as  before, 
except  a  slight  difference  at  the  top,  and 
excepting  also,  that  as  a  basis  for  the  first 
hundred  feet  from  the  top  a  right  angled 
triangle  of  one  of  height  to  two-thirds  o£ 
base  has  been  assumed.  In  this  example^ 
the  stresses  are  but  slightly  in  excess  of 
those  previously  calculated  and  are  rather- 
better  distributed,  while  the  widths  are 
materially  lessened.  With  the  given  den- 
sity of  140  lbs.  this  section  is  preferable  tot- 
the  one  already  given. 
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CHAPTER  V. 

The  Construction  op  High  Masonry 
Dams. 

The  preceding  pages  have  treated  of 
what  may  be  considered  as  the  prelimi- 
nary and  easiest  part  of  the  coiiistruction  of 
high  masonry  dams ;  namely,  the  mathe- 
matical part.  The  reasoning  that  has  been 
pursued  has  demonstrated  that  the  sec- 
tions shown  in  figs.  11  and  17  are  perfectly 
safe  and  satisfactory,  from  a  conservative 
standpoint,  providing  amply  but  not  ex- 
travagantly for  the  stresses  which  our 
best  information  upon  the  subject  leads 
us  to  expect.  But  it  is  one  thing  to  set 
up  a  proper  design  on  paper  and  quite 
another  to  successfully  carry  out  the 
same  on  the  ground.  In  what  follows 
some  attempt  will  be  made  to  treat  of  the 
difficulties  attending  the  execution  of 
such  structures,  and  the  precautions  to 
be  taken  in  order  to  secure  good  results. 
Much  that  will  be  said  will  be  found  apr 
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plicabie  to  all  masonry  dams  of  whatever 
height;  but,  as  all  the  difficulties  and  condi- 
tions are  intensified  with  increased  height, 
it  will  be  understood  generally  that  dams 
of  one  hundred  feet  and  over  are  those 
under  consideration. 

Before  proceeding  with  this  part  of  the 
subject,  a  few  words  must  first  be  said 
regarding  a  matter  which  really  belongs 
more  properly  to  design  than  construction, 
namely,  the  form  of  the  plan  of  the  dam 
as  distinguished  from  its  vertical  section, 
already  discussed.  Should  the  dam  be 
straight  or  curved  in  plan'? 

Much  has  been  written  on  this  subject, 
and  both  forms  have  found  able  advocates. 
Among  other  authorities,  the  '^  Engineer- 
ing News "  of  New  York  strongly  favors 
a  curved  plan,  with  the  convexity  of  course 
directed  up  stream,  pointing  out,  it  is 
believed,  for  the  first  time,  that,  contrary 
to  the  received  opinion  a  moderate  degree 
of  curvature  does  not  increase  the  volume 
of  masonry  in  the  dam. 

There  can  be  no  doubt  that  such  a  form 
is  an  element  of  additional  strength,  par- 
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ticularly  if  tlie  dam  is  built  across  a  nar- 
row ravine^  when  the  arch  principle  in- 
volved in  a  curved  plan  distinctly  asserts 
itself.  It  continues  to  be  an  element  of 
strength  even  in  the  case  of  a  dam  of 
such  considerable  length  that  we  can  no 
longer  consider  it  as  acting  as  an  arch, 
because,  since  there  must  always  be  some 
slight  forward  motion  in  the  dam  when 
the  full  head  of  water  comes  against  it, 
the  effect  of  such  motion  will  be  to  pro- 
duce a  compressive  stress  if  the  dam  be 
curved,  as  it  will  tend  to  crowd  the  material 
into  a  smaller  space,  whereas,  if  the  dam 
be  built  upon  a  perfectly  straight  line,  the 
least  forward  motion  will  have  the  effect 
of  opening  the  joints.  Such  motion,  how- 
ever, will  always  be  so  insignificant  that 
it  certainly  seems  an  over  refinement  to 
take  it  into  account  and  provide  against  it 
by  the  form  of  the  dam. 

On  the  other  hand  any  deviation  from 
straight  lines  in  the  ground  plan  of  the 
dam  involves  considerable  trouble  and  ex- 
pense in  laying  out  and  executing  the 
work,  and  therefore  increases  the  difficulty 
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in  securing  good  results.  Except  in  the 
case  of  a  short  dam,  as  already  mentioned, 
the  author  is  of  the  opinion  that  the  ad- 
vantages, more  or  less  theoretical,  which 
are  secured  by  a  curved  ground  plan,  are 
overbalanced  by  the  practical  difficulties 
which  spring  from  it. 

Very  high  dams  are  generally  built 
across  the  valleys  of  powerful  streams, 
and  perhaps  the  greatest  difficulty  which 
accompanies  their  construction  is  the 
management  of  the  flow  of  the  stream 
while  the  dam  is  in  construction.  In  the 
case  of  small  dams  across  relatively  in- 
significent  brooks  this  difficulty  is  gener- 
ally easily  overcome,  by  first  putting  in 
the  pipes  or  gates  by  means  of  which  the 
water  is  to  be  drawn  from  the  dam  when 
completed,  and  then  turning  the  flow  of  the 
stream  through  these  by  means  of  a  tem- 
l)orary  dam  when,  profiting  also  by  the 
dry  season,  the  rest  of  the  foundations 
can  be  got  in  without  further  trouble. 
But  generally  speaking,  with  high  dams, 
deep  foundations  and  large  streams,  such 
a  provision  for  the  flow  of  the  water  would 
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be  totally  inadequate,  and  the  management 
of  the  water  in  such  cases  constitutes  in 
itself  an  engineering  problem  of  the  first 
magnitude.  A  tunnel  may  be  sometimes 
driven  entirely  around  the  site  of  the  dam 
through  which  the  river  is  turned  and 
completely  got  lid  of,  the  difficulty  then 
being  to  properly  close  the  tunnel,  either 
permanantly  or  by  means  of  gates,  when 
the  work  is  completed. 

Perhaps  the  most  usual  way  of  handling 
the  water  is  to  carry  it  in  a  large  flume 
directly  over  and  across  the  foundation 
pit.  Very  considerable  streams  can  often 
be  successfully  disposed  of  in  this  way 
until  the  foundations  have  been  got  in 
level  with  the  ground,  when  gaps  can 
be  left  in  the  wall  as  it  is  carried  up,  and 
the  water  shifted  over  from  one  to  the 
other  side  till  the  dam  is  finally  completed. 
The  danger  of  this  method  is,  that  an  un- 
usual freshet  may  break  or  destroy  the 
flume,  when  the  foundation  pit  will  be 
flooded,  and  the  banks  probably  cave  in. 
It  is  evident  also,  that  in  the  case  of  a 
very  wide  excavation  the  great  length  of 
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the  flume  would  preclude  its  use,  and  a 
diversion  of  the  stream  -wdll  generally  be 
found  to  be  the  only  satisfactory  solution 
of  this  most  difficult  problem. 

Another  embarrassing  feature  is  the 
manner  of  executing  such  a  deep  and  wide 
excavation  as  is  contemplated  in  our 
example.  Shall  the  sides  be  sloped,  or 
shall  they  be  timbered  f  It  will  be  readily 
conceded  that  this  question  does  not 
admit  of  a  general  answer,  and  would 
have  to  be  settled  by  the  particular  con- 
ditions of  the  individual  case.  The  ex- 
pense of  securely  protecting  the  sides  of 
such  an  excavation  is  so  enormous,  even 
under  the  most  favorable  conditions,  that 
the  tendency  will  always  be  minimize  the 
outlay  by  taking  some  chances.  At  the 
same  time  the  caving  in  of  such  a  deep 
and  wide  excavation,  should  it  occur,  in- 
volves so  great  a  loss,  not  only  of  money 
but  of  time,  that  it  is  poor  policy  to  scamp 
the  precautions  taken  at  the  start.  It  is 
probably  safe  to  say  that  one  of  the  prin- 
cipal causes  of  loss  incurred  by  contractors 
in  the  execution  of  work,  is  to  be  found 
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in  the  necessity  o£  digging  out  a  second 
time  excavations  which  have  fallen  in 
from  want  of  proper  sloping  or  shoring, 
and  this  is  equally  true  proportionally,  of 
small  as  well  as  of  great  undertakings. 
In  the  special  case  of  very  wide  excava- 
tions, the  decision  will  probably  be  to 
slope  the  sides  in  preference  to  attempting 
any  method  of  timbering  or  shoring. 

Equally  important  is  it  to  provide  ample 
pumping  power  when  executing  the  exca- 
vations. Lack  of  this  is  another  fruitful 
source  of  loss  in  time  and  money  to  the 
contractor.  The  quantity  of  water  to  be 
encountered,  and  the  difficulty,  as  well  as 
the  necessity  of  getting  rid  of  it  both 
when  taking  out  excavations  and  patting 
in  foundations  are  matters  almost  invari- 
ably underrated  when  work  is  commenced. 
A  most  liberal  allowance  should  be  made 
for  the  quantity  of  water  to  be  lifted,  and 
the  pumping  sumpts  should  be  at  all  times 
kept  well  below  the  level  of  the  work 
which  is  going  on. 

So  far,  three  important  points  have  been 
considered,  in  their  natural  order,  namely, 
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the  disposition  of  the  stream  across  which 
the  dam  is  to  be  built,  both  as  regards 
its  natural; and  freshet  flow;  the  manner 
of  executing  the  excavations  for  foundations 
so  as  to  prevent  caving  in  of  the  sides,  and 
the  means  of  keeping  these  excavations 
dry,  first  while  taking  out  the  material, 
and  secondly  when  putting  in  the  founda- 
tions. As  regards  these  points,  very  little 
more  than  their  mere  enumeration  has 
been  attempted,  although  many  pages 
might  easily  be  devoted  to  any  one  of 
them.  No  written  discussion  would  how- 
ever be  of  much  avail  as  throwing  light 
upon  the  subject,  the  only  really  useful 
Hterature  bearing  upon  these  points,  being 
the  records  and  reports  of  the  actual  ex- 
ecution of  such  works.  Of  these,  the 
voluminous  published  documents  of  the 
Croton  Aqueduct  Department,  and  the 
New  Aqueduct  Commission  stand  easily 
among  the  best  which  the  public  works  of 
this  country  afford,  but  the  judicious  en- 
gineer, charged  with  the  responsibility  of 
designing  and  executing  any  large  hy- 
draulic  work   of  this  character,  will  not 
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limit  his  reading  and  investigations  to 
any  particular  school  of  practice,  hut  will 
familiarize  himself  with  all  the  varying 
examples  within  his  reach,  both  of  success 
and  failure,  in  his  own  and  other  countries. 
A  point  which  now  comes  up  is,  of  what 
class  of  masonry  shall  our  dam  be  built? 
Here  again  we  have  a  question  not  ad- 
mitting of  a  general  answer.  We  might 
indeed  without  much  difficulty  decide 
which  among  the  building  stones  furnished 
by  nature  was  the  hardest,  toughest,  heav- 
iest and  soundest  and,  altogether,  the 
best  adapted  for  dam  building;  also, 
whether  upon  the  whole  it  was  best  to 
build  '^  Cyclopean  rubble, "  as  for  the 
Vyrnwy  dam,  or  go  to  the  other  extreme 
and  use  concrete.  Also,  we  .might  arrive 
at  certain  similar  deductions  regarding 
the  sand,  cement,  and  proportions  of  mix- 
ing. But  our  work  may  be  situated  in 
such  a  locahty  that  it  would  be  impossible 
to  procure  just  what  we  wanted,  and  we 
should  be  compelled  to  realize  that  after 
all  we  were  reduced  to  the  necessity  of 
cutting  our  coat  acccording  to  the  cloth. 
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Setting  aside  the  character  and  quahty 
of  the  materials,  and  considering  only  the' 
manner  of  putting  them  together,  the  pres- 
ent author  is  strongly  inclined  to  believe 
that  concrete  between  stone  walls,  rubble 
for  the  foundation  and  cut  stone  for  the 
superstructure,  would  be  the  ideal  com- 
bination of  stone,  sand  and  cement  for  a 
high  masonry  dam,  if  the  proper  quality 
of  concrete  as  regards  mixing  and  placing 
could  be  secured.  While  concrete  is 
lighter  than  stone  masonry,  since  it  con- 
tains more  mortar  and  less  stone  per  cubic 
yard,  and  while  the  mixture  is  less  strong 
generally  speaking,  than  the  stone  of 
which  it,  or  the  stone  masonry  which  it 
may  replace,  is  composed,  the  fact  of  its 
forming  a  homogeneous,  monolithic  mass 
constitutes  an  element  of  superiority  with 
which  no  hand  placed  stone  work  can 
compete.  In  order  however  to  secure 
uniform  good  quality  for  the  concrete 
when  used  upon  such  a  gigantic  scale  as 
would  be  the  case  in  these  instances,  a 
very  large  special  plant  would  be  required, 
and  the  strictest  inspection  practised  from 
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beginning  to  end  of  the  work.  An  army 
of  tampers,  for  one  thing,  would  be  re- 
quired, divided  into  small  gangs  with  an 
expert  foreman  over  each,  and  numerous 
inspectors  constantly  patrolling  the  work. 
If  the  proper  outfit  for  the  work  is  secured, 
and  a  proper  organization  maintained,  then 
in  the  author's  opinion  this  material 
would  be  the  best  for  such  work,  when 
confined  within  stone  facings. 

It  may  be  suggested  that  the  same  pre- 
cautions and  care  are  necessary  for  good 
stone  masonry  as  for  good  concrete,  but 
most  engineers  will  agree  that  it  is  easier 
to  inspect  and  control  stone  masonry  than 
concrete,  under  ordinary  circumstances. 
One  reason  no  doubt  is  that  there  is  more 
skilled  labor  employed  in  laying  up  ma- 
sonry, whether  rubble  or  cut  stone,  than 
in  putting  in  concrete,  which  is  always 
easier  to  direct,  and  also,  since  the  quahty 
of  concrete  depends  so  much  upon  the 
manipulation  to  which  it  is  subjected, 
more  individual  judgment  is  called  for 
on  the  part  of  foremen  and  inspectors, 
than  in  the  case  of  stone  masonry  which, 
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when  the  work  is  once  fairly  started,  and 
the  requirements  understood  by  all  hands, 
becomes  more  a  matter  of  routine. 

Whatever  preference  may  be  given  to 
one  material  rather  than  another,  whether 
as  determined  by  local  conditions  or  in- 
dividual prejudice  or  predeliction,  one 
thing  is  certain,  that  iio  type  of  work  will 
be  satisfactory  or  give  good  results  that 
is  not  in  every  respect  first  class  of  its 
kind.  This  is  the  first  and  essential  re- 
quisite, for  if  the  materials  and  workman- 
ship are  what  they  should  be,  an  equally 
perfect  dam  can  be  built  of  cut  stone, 
rubble,  cyclopean  rubble  or  concrete,  nor 
need  it  be  considered  that  this  assertion 
at  all  contradicts  what  has  been  already 
w^ritten  regarding  the  comparative  merits 
of  different  classes  of  work.  One  class, 
under  local  circumstances,  may  favor  good 
results  more  than  another,  but  the  result 
is  always  obtainable  at  the  cost  of  more 
or  less  time,  trouble  and  expense.  The 
author  would  here  reiterate  what  he  has  al- 
ready said  regarding  quality  of  materials 
and  workttftanship,  and  the  necessity  that 
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there  is,  that  both  should  be  first  class.  In 
hydraulic  structures  we  are  dealing  with 
an  inexorable  natural  agent  that  is  sure 
to  search  out  all  defects  and  weak  points, 
sooner  or  later,  just  as  certainly  as  it  seeks 
its  own  lowest  level. 

Generally  speaking  in  comparatively  low 
dams,  no  particular  care  is  given  to  carry 
up  the  work  uniformly.  The  pressures 
are  relatively  so  insignificant  that  unequal 
loading  of  foundations,  or  settlement  of 
work  are  not  heeded.  Indeed  '^leveling 
up  "  is  avoided  rather  than  otherwise,  as 
it  is  considered  best  to  keep  the  work 
somewhat  ragged,  so  as  to  break  beds  as 
well  as  joints,  as  much  as  possible.  In 
a  very  high  dam  however,  the  case  is 
different, .  and  it  becomes  advisable  to 
carry  up  the  work  as  nearly  level  as  possi- 
ble, leaving  the  top  always  rough  and 
bristling  with  projecting  stones.  Concrete, 
of  course,  goes  up  lev^l,  but  the  different 
beds  bond  themselves  so  together  that 
all  division  between  the  courses  becomes 
obliterated. 
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CHAPTER  YI. 

Accessories  of  Dams. 

There  are  two  indespensable  acces- 
sories to  all  dams,  whether  high  or  low,  of 
which  it  is  now  time  to  speak.  First, 
there  must  be  an  overflow,  or  spillway  as 
it  is  currently  termed  in  the  Croton  dis- 
trict, to  provide  for  the  escape  of  surplus 
water  when  the  dam  is  already  full.  This 
must  be  of  sufficient  capacity  to  carry  the 
maximum  volume  of  such  water  in  times 
of  greatest  freshets.  This  spillway  may 
be  either  artificial  or  natural.  Whenever 
the  topography  of  the  locality  affords  an 
opportunity  of  passing  the  surplus  water 
through  some  natural  depression  situated 
within  the  reservoir  itself,  this  should 
always  be  availed  of.  Sometimes  such  a 
depression  may  be  artificially  created,  by 
lowering  or  possibly  tunneling  an  interven- 
ing rocky  ridge,  which  separates  the  valley 
forming  the  reservoir  from  sqme  adjacent 
one.     It  is  generally  worth  while  to  be  at 
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considerable  expense  to  prepare  such  a 
natural  overflow.  Otherwise,  a  special 
constructive  feature  must  be  added  to  the 
dam,  in  the  shape  of  a  gap,  through  which 
the  surplus  water  may  pass,  and  fall  over 
some  designated  portion  of  the  face  of 
the  dam,  into  its  own  valley. 

Considerable  judgment  is  necessary  in 
fixing  the  dimensions  of  the  spillway  and 
the  proper  proportion  between  its  length 
and  depth.  Both  are  functions  of  the 
.  area  of  water  shed  lying  above  the  dam. 
lino  wing  the  area.  A,  in  square  miles  of 
this  water-shed,  and  having  decided  upon 
the  probable  quantity,  Q,  in  cubic  feet 
per  second  per  square  mile,  which  the 
water-shed  may  furnish  in  times  of  maxi- 
mum freshets,  we  have  for  the  length,  L, 
and  the  depth,  D,  of  the  overflow,  in  feet, 
the  two  following  formulae  : 


L  =  20  V  A 

...  (16) 

o  =  ''g'^  +  o^^.. 

(17) 

C  being  a  certain  additional  height  above 
the  highest  level  of  the  water  in  the  res- 
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ervoir,  which  in  a  masonry  dam  need  only 
be  of  a  relatively  trifling  amount. 

If  we  allow  64  cubic  feet  per  second  per 
i^quare  mile,  which  is  about  the  smallest 
freshet  discharge  which  it  would  be  safe 
to  count  upon,  (17)  reduces  to 

D  =  #/ A  +  C (18) 

In  the  case  of  a  masonry  dam,  there  is 
less  necessity  for  a  very  large  spillway 
because  even  if  the  water  should  rise 
above  its  crest,  and  pass  over  its  entire 
length,  no  great  damage  would  occur, 
provided  the  foot  and  sides  of  the  dam 
were  properly  protected  either  naturally 
or  artificially.  For  an  earthen  dam,  with 
masonry  core,  the  capacity  should  be 
much  more  liberal,  while  for  a  dam  com- 
posed wholly  of  earth — a  kind  of  construc- 
tion which  should  never  be  adopted — the 
capacity  of  the  spillway  should  be  still 
further  increased,  because  if  the  water 
once  rises  over  the  top  of  such  a  dam,  its 
total  destruction  is  prompt  and  certain. 

It  may  be  remarked  also,  that  the 
smaller  the  dam  in  relation  to  the  water- 
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shed,  the' greater  necessity  -for.  a  capacious 
spillyvay,  because  it .  is  more  frequently 
called  into  use,  and  must  more  frequently 
carry  the  full  discharge  of  the  stream/-  A 
very  large  reservoir  formed  by  a  hi^h  dam 
is  much  less  often  filled  to  overflowing 
because  it  will  comnionly  be  only  partly 
filled  at  the  season  when  the  freshe(;s  com- 
mence, and  will  therefore  have  a  large 
storage  capacity  for  the  freshet  flow, 
before  beginning  to  run  over.  Indeed 
some  large  reservoirs  have  been  built  for 
the  very  purpose  of  prot(3cting  regions 
otherwise  subject  to  inundations,  by  re- 
ceiving and  storing  the  water  of  freshets, 
and  thus  equalizing  the  flow  of  the  stream 
on  which  they  have  been  built. 

The  second  indispensable  adjunct  is  a 
waste  culvert,  in  order  to  be  able  to  draw 
off  the  water  of  the  reservoir  if  so  desired. 
This  should  be  located  at  the  lowest  pos- 
sible elevation  above  the  bottom  of  the 
reservoir,  and  be  large  enough,  if  possible, 
to  accomplish  its  purpose  of  emptying  the 
reservoir,  within  a  reasonable  time.  When 
dealing  with  the  large  volumes  of  stored 
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Watefyand  the  abundant  natural  flow  b'f 
the  stream  which  are  the  accompaniments 
of  high  dams  built  across  the  valleys  o£ 
powerful  water  courses,  it  will  not  be  pos- 
sible to  build  this  culvert  so  large  as  to 
permit  of  emptying  the  reservoir  by  its 
aid  at  alt  times,  and  when  it  is  desired  to 
drain  off  the  water  down  to  the  bottom,  it 
is  necessary  to  choose  the  dry  season  in 
order  to  accomplish  it.  This  waste  cul- 
vert may  also  become  very  useful  as  a 
means  of  supplementing  the  action  of  the 
spillway  in  times  of  extraordinary  floods, 
when  every  effort  is  required  to  retard  the 
rise  of  the  water  in  the  spill  way. 

The  means  of  opening  and  closing  this 
culvert  requires  careful  study,  for  if  the 
appliances  employed  refuse  to  work,  either 
when  open  or  shut,  very  serious  conse- 
quences may  ensue.  The  first  appliance 
which  naturally  suggests  itself,  is  a  sliding 
sluice  gate,  closing  or  uncovering  an  open- 
ing made  through  the  wall  The  manu- 
facturers of  water  supply  fixtures,  now 
make  these  gates  in  a  very  perfect  manner, 
according  to  different  designs,  one  of  the 


best  of  tkese,  being  that  adopted  by  the 
New  Aqueduct  Commission  of  the  City  of 
New  York.  The  trouble  with  all  such 
gates,  when  operated  against  a  high  head 
of  water,  is  the  difficulty  of  closing  them, 
owing  to  the  fact  that  this  must  be  accom- 
phshed  by  heavy  pressure  upon  a  long 
and  slender  rod.  In  such  cases  they 
should  be  made  very  heavy,  so  that  their 
weight  may  add  to  the  pressure  necessary 
to  close  them,  and  this  adds  to  the  effort 
required  to  raise  them.  "With  all  their 
inherent  defects,  these  gates  constitute 
one  of  the  best  and  simplest  methods  of 
controlling  the  waste  culvert,  and  whatever 
combined  system  is  adopted,  they  should 
form  a  part  of  it. 

It  will  not  be  safe  however,  to  depend 
upon  a  single  piece  of  mechanism  for  this 
purpose.  Another  means  of  accompHsh- 
ing  the  desired  end  is  to  build  a  pipe  or — 
in  the  case  of  a  large  reservoir — pipes, 
into  the  body  of  the  dam  fitted  with  valves 
or  stop  cocks.  These  valves,  operated 
from  the  outside  of  the  dam  are  more 
certain  and  easier  in  their  action  than  any 
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sliding  sluice  gate  can  possibly  be.  These 
pipes  and  valves  should  form  a  part  of 
the  system,  so  that  we  find  tWo  riecessary 
features  which  our  systetn  must  embrace ; 
large  pipes  built  into  ihe  wall,  with  their 
mouths  closed  by  sliding  sluice  gates,  and 
the  flow  through  them  further  controlled 
by  valves  or  stop  cocks.  One  gate  and 
one  valve  are  indispensible  ;  in  some  cases- 
two  such  valves  on  each  pipe  may  be  con- 
sidered desirable,  of  which  the  one  nearer 
the  water  is  kept  open  and  the  flow  regu- 
lated by  the  outer  one.  Should  any  acci- 
dent occur  to  this  outer  one,  the  inner  one 
can  be  closed,  as  well  as  the  sluice  gate, 
and  the  injured  piece  can  be  laid  off  until 
a  convenient  opportunity  presents  itself 
for  repairs. 

Besides  these  apphances,  it  is  customary 
in  a  well  designed  piece  of  work  to  pro- 
vide an  entrance  chamber  furnished  with 
grooves  into  which  on  an  emergency  "stop 
plank"  may  be  placed,  forming  a  temper- 
ary  coffer  dam  around  the  mouth  of  the 
pipes,  and  thus  affording  access  to  them 
\vithout  emptying  the  reservoir.     These 
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are  excellent  expedients  for  dams  of  mod- 
erate heights,  but  it  is  .  evident  that  fdr. 
great  heights  no'  system  of  stop  planking 
could  he  made  sufficiently  strong  and 
easily  managed  to  be  of  use.  In  fact  the 
enormous  pressures  under  which  all  these 
appliances  for  draining  off  the  water  held 
up  by  very  high  dams  must  be  operatied, 
make  their  design  a  troublesome  problem, 
taxing  to  the  utmost  the  best  skill  of  the 
mechanical  engineer. 

If  the  reservoir  is  to  be  used  for  the 
distribution,  as  well  as  the  storage  of 
water,  it  will  be  necessary  to  have  addi- 
tional appliances  for  drawing  off  the  daily 
supply.  These  will  be  similar  in  kind  to, 
but  generally  on  a  smaller  scale  than  those 
already  mentioned  in  connection  with  the 
discharge  culvert.  Frequently,  also,  sets 
of  screens  will  be  required,  to  prevent  the 
entrance  of  floating  objects  into  the  distri- 
bution pipes.  It  will  generally  be  desired 
also  to  have  the  system  so  arranged  as  to 
be  able  to  draw  the  water  from  different 
levels,  according  to  its  conditions  regard- 
ing   sediment,    surface    impurities,    etc. 
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Probably  the  best  way  to  accomplish  all 
the  desired  r  requirements  is  to  place  a 
rectangular  chamber,  running  the  whole 
Height  of  the  dam,  directly  in  front  of  the 
mouth  of  the  distributing  pipe  or  pipes, 
one  side  of  the  chamber  being  formed  by 
the  back  of  the  dam,  The  opposite  side 
to  this  one,  will  have  openings  at  different 
heights,  closed  by  sliding  sluice  gates 
operated  by  capstans  ,  at  the  top.  Inside 
of  this  chamber  w411  be  the  grooves  des- 
tined to  receive  the  screens  and  stop  plank 
if  these  are  used.  The  mouth  of  the  pipes 
will  also  be  closed  by  sluice  gates,  and  the 
flow  of  water  further  controlled  by  means 
of  valves  placed  on  the  pipes,  in  a  gate 
house  situated  outside  of  the  dam. 

The  designing  of  such  a  system  when 
needed  for  a  dam  of  only  moderate  height 
presents  no  particular  difficulty.  When 
however  it  is  a  question  of  adapting  it  to 
a  very  high  dam,  great  care  is  necessary 
to  ensure  a  system  which  will  work  satis- 
factorily under  the  greatly  increased  pres- 
sures. Naturally,  the  designing  engineer 
will  in  such  cases  seek  for  precedents  in 
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existing  works,  and  inform  himself  as  to 
how  the  difterent  methods  which  he  may 
study,  have  behaved  in  actual  use.  This 
is  the  best  plan  to  pursue,  because  the 
question  is  preeminently  a  practical  one. 

One  error  in  designing  such  appliances 
may  be  pointed  out  and  warned  against, 
and  that  is  too  great  a  complication  in  the 
number  and  character  of  the  appliances 
used.  While  every  contingency  likely  to 
occur  should  be  forseen  and  provided  for, 
it  is  frequently  the  case,  particularly  when 
great  perfection  is  aim«d  at,  that  there  is 
an  unnecessary  multiplication  of  parts, 
the  result  of  which  is,  that  while  remote 
contingencies  are  provided  for,  it  is  at  the 
expense  of  the  ease  and  certainty  with 
which  the  daily  routine  of  the  distribution 
is  executed.  It  is  believed  that  this  unde- 
sirable condition  of  things  is  sometimes 
brought  about  by  the  successive  addition, 
as  the  design  is  being  prepared,  of  features 
not  originally  contemplated  when  the 
ground,  work  of  the  plan  was  first  laid 
down  on  paper.  Generally  if,  when  the 
design  is  made,  a  careful  study  of  it  re- 
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veals  the  fact  that  certain  probable  con- 
tingencies, either  of  breakage  of  appliances 
or  desired  control  of  the  flow  of  water 
have  been  overlooked,  it  will  be  better  to 
reconsider  the  whole  design,  and  see  if, 
instead  of  adding  some  new  feature  or 
part,  those  already  contemplated  cannot 
be  so  modified  as  to  embrace  the  addi- 
tional anticipated  duty  or  requirement. 
It  is  very  rare  that  an  afterthought  can 
be  made  to  harmonize  with  an  ongirial 
conception,  and  it  is  better  to  tear  up  a 
dozen  imperfect  paper  designs,  than  to 
perpetuate  an  awkward  contrivance  in 
stone  and  mortar.  Every  additional  part 
beyond  what  is  strictly  necessary,  involves 
an  additional  opportunity  for  something 
to  break  or  get  out  of  order,  and  some- 
times the  safeguard  which  was  intended 
to  avert  an  interruption  in  the  working  of 
the  system  is  itself  the  very  cause  of  the 
interruption  taking  place. 

It  is  in  these  features  that  the  practical 
skill  of  the  designer  is  shown  in  bold 
relief.  A  simple  design,  accomplishing 
the  desired  result  with  a  few  strong  and 
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easily  handled  pieces,  proclaims  the  skill- 
ful engineer  much  more  than  an  intricate 
system  of  appliances,  no  matter  how  in- 
genious it  may  be. 


THE  END. 
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Men.  Tenth  edition,  revised  and  enlarged.  562 
pages,  pocket  form.     Morocco,  gilt   2  o* 

HARRISON  (W.  B.)  The  Mechanics'  Too:  Book.  With 
Practical  Rules  and  Suggestions  for  use  of  Machin- 
ists, Iron-Workers,  and  others.  Illustrated  with  44 
engravings.     i2mo,  cloth 150 

HASKINSiC.  H.)    The  Galvanometer  ;  Uses.    A 

Manuai  for  Electricians  and  Student        .^mo,  cloth . .  i 

HAWKINS  (C  C.)  and  WALLIS(F.)  1  Dynamo,  It- 
Theory,  Design  and  MHiiufacture.    8v      doth,  190  ills        V 

HEAP  (Major  D.  P.,  U.  S.  A.)  Electric  '  Apfliaiues  0- 
the  Present  Day.  Report  of  the  Pai  .wectriciil  Ex 
position  of  1881.     250  illustrations.     8         *'c^h     2  c- 

HOUSTON  (E.  T  )  Dictionary  of  ElectricaT  V/./rd; 
Terms  and  Phrases.  1  hiid  edition,  revised  A.11J  (,!  - 
iiirged.     ivo,  cloth '. .....    .....      /»•* 
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HERRMANN  (GUST A V).  The  Graphical  Statics  of 
Mechanism.  A  Guide  for  the  Use  of  Mw?'<.inists, 
Architects,  and  Engineers  ;  and  also  a  Text-book  for 
Technical  Schools.  Translated  and  annotated  by 
A.  P.  Smith,  M.E.     i2mo,  cloth,  7  folding  plates 2  oc 

HEWSON  (WM.)  Principles  and  Practice  of  Embanking 
Lands  from  River  Floods,  as  applied  to  the  Levees  of 
the  Mississippi.     8vo,  cloth 2  ex 

HENRICI  (OLAUS).    Skeleton   Structures,  Applied  to 

the  Building  of  Steel  and  Iron  Bridges.     Illustrated. .   i  5c 

HO  BBS  (W.  R.  P.)  The  Arithmetic  of  Electrical  Meas- 
urements, with  numerous  examples.     i2mo,  cloth 50 

HOLLEY  (ALEXANDER  L.)  Railway  Practice.  Amer- 
ican and  European  Railway  practice  in  the  Economi- 
cal Generation  of  Sieam,  including  the  Materials  and 
Construction  of  Coal-burning  Boilers,  Combustion, 
the  Variable  Blast,  Vaporization,  Circulation,  Super- 
heating, Supplying  and  Heating  Feed-waier,  etc., 
and  the  Adaptation  of  Wood  and  Coke-burning 
Engines  to  Coal-burning ;  and  in  Permanent  Way, 
including  Road-bed,  Sleepers,  Rails,  Joint  Fastenings, 
Street  Railways,  etc.  With  77  lithographed  plates. 
Folio,  cloth 12  oo 

HOLMES  (A.  BROMLEY).  The  Electric  Light  Popu- 
larly Explained.  Fifth  edition.  Illustrated,  lamo, 
paper 40 

HOWARD  (C.  R.)  Earthwork  Mensuration  on  the 
Basis  of  the  Prismoidal  Formulae.  Containing  Sim- 
ple and  Labor-saving  Method  of  obtaining  Prismoidal 
Contents  directly  from  End  Areas.  Illustrated  by 
Examples  and  accompanied  by  Plain  Rules  for  Practi- 
cal Uses.    Illustrated.     8vo,  cloth i  St* 

HUMBER  (WILLIAM,  C.  E.)  A  Handy  Book  for  the 
Calculation  of  Strains  in  Girdrrs,  and  Similar  Struct- 
ures, and  their  Strength  ;  Consisting  of  Formulae  and 
Corresponding  Diagrams,  with  numerous  details  for 
practical  application,  etc.  Fourth  edition.  121E0. 
cloth 2  so> 

BUTTON  (W.  S.)  Steam-Boiler  Construction.  A  Prac- 
tical Hand-book  for  Engineers,  Boiler  Makers,  and 
Steam  Users.  With  upwards  of  300  illustrations. 
8vo,j  cloth  7  oo 
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ISHiERWOOD  (B.  F.)  Engineering  Precedents  for 
Steam  Machinery.  Arranged  in  the  most  practical 
iind  useful  manner  for  Engineers.  With  illustrations. 
2  vois.  in  I.     8vo,  cloth 2  5c 

(AMIRSON  (ANDREW,  C.E.)    A  Text-book  on  Steam 

and  Steam -Engines.     Illustrated,     i2mo,  cloth 300 

JANNETTAZ  (EDWARD).  A  Guide  to  the  Determina- 
tion  £)i  Rocks  ;  being  an  Introduction  to  Lithology. 
Translated  from  the  French  by  Professor  G.  W. 
Pi^mptoji.     121U0,  cloth I  50 

JtDNES  (H.  CHAPMAN).     Text-book  of   Experimental 

Oiganic  Chemistry  for  Students.     i8mo,  cloth  i  co 

JOYNSON  (F.  H.)  The  Metals  used  in  Construction. 
Iron,  Steel,  Bessemer  Metal,  etc.  Illustrated.  i2mo, 
<:loitii 75 

Designing  and  Construction  of  Machine  Gearing. 

Illustrated.    8vo,  cloth a  00 

KANSAS  CITY  BRIDGE  (THE).  With  an  Account  of 
the  Regimen  of  the  Missouri  River  and  a  Description 
of  the  Methods  used  for  Founding  in  that  River.  By 
O.  Chanute,  Chief  Engineer,  and  George  Morrison, 
Assistant  Engineer.  Illustrated  with  5  lithographic 
views  and  12  plates  of  plans.    4to,  cloth 6  00 

ICAPP  (GISBERT,  C.E.)  Electric  Transmission  of 
Energy  and  its  Transformation,  Subdivision,  and  Dis- 
tribution.    A  Practical  Hand-book.     i2mo,  cloth 3  00 

KEMPE  (H.  R.)  The  Electrical  Engineer's  Pocket 
Bo  'k  of  Modern  Rules,  Formulae,  Tables,  and  Data. 
Illustrated,    samo,  mor.  gilt 173 

ICENNELLEY  (A.  E.)  Theoretical  Elements  of  Electro- 
Dynamic  Machinery.     Vol.  I.     Illustrated.     Svo,  cloth,     i  30 

iKING  (W.-H.)    Lessons  and  Practical  Notes  on  Steam. 

The  Steam-Engine,  Propellers,  etc.,  for  Young  Ma- 
^  rine  Engineers,  Students,  and  others.  Revised  by 
,        Chief  Engineer  J.   W.    King,   United    States  Navy. 

Svo,  cloth . .   2  00 

KIRKALDY    (WM.    G.)     Illustrations    of    David    Kir- 
^      kaldy's  System  of  Mechanical  Testing,  as  Originated"' 
and  Carried  On  by  him  during  a  Quarter  of  a  Century. 
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Comprising  a  Large  Selection  of  Tabulated  Results, 
showing  the  Strength  and  other  Properties  of  Ma- 
terials used  in  Construction,  with  Explanatory  Teat 
and  Historical  Sketch.  Numerous  engravings  and  25 
lithographed  plates.    4to,  cloth 25  oc 

KIRKWOOD  (JAS.  P.)  Report  on  the  Filtration  of 
River  Waters  for  the  supply  of  Cities,  as  practised  in 
Europe.  Illustrated  by  30  double-plate  engravings^ 
4to,  cloth rj  o<r 

LARRABEE  (C.  S.)  Cipher  and  Secret  Lette.r  and  TeFe- 
graphic  Code,  with  Hog's  Improvements.  i8itto» 
cloth 60 

LARDEN  (W.,  M.  A.)    A  School  Course  on  Heat.     lamo, 

half  leather 2  oo» 

LEITZE  (ERNST).  Modern  Heliographic  Processes. 
A  Manual  of  Instruction  in  the  Art  of  Reproducing 
Drawings,  Engravings,  etc.,  by  the  action  of  Light. 
With  32  wood-cuts  and  ten  specimens  of  Heliograms. 
8vo,  cloth.     Second  edition 3  oo> 

LOCKWOOD  (THOS.  D.)  Electricity,  Magnetism,  and 
Electro-Telegraphy.  A  Practical  Guide  for  Students, 
Operators,  and  Inspectors.  8vo,  cloth.  Third  ed»- 
tion 2  5<» 

LODGE  (OLIVER  J.)  Elementary  Mechanics,  includ- 
ing Hydrostatics  and  Pneumatics.  Revised  edition. 
i2mo, cloth «  2S5H 

LOCKE  (ALFRED  G.  and  CHARLES  G.)  A  Practical 
Treatise  on  the  Manufacture  of  Sulphuric  Acid, 
With  77  Constructive  Plates  drawn  to  Scale  Measure- 
ments, nd  other  Illustrations.     Royal  Svo,  cloth 15  ocp 

LOVELL  (D.  H.)  Practical  Switch  Work.  A  Hand- 
book for  Track  Foremen.     Illustrated.    i2mo,  cloth.,  i  5c 

LUNGE  (GEO.)  A  Theoretical  and  Practical  Treatise 
on  the  Manufacture  of  Sulphuric  Acid  and  Alkali  with, 
the  Collateral  Branches.  Vol.  I.  Sulphuric  Aeidv 
Second  edition,  revised  and  enlarged.  342  Illustra- 
tions.    8vo.,  cloth 15  00 

• and   HUNTER    F.)    The  Alkali  Maker's  Pocket- 

Book.  Tables  and  Analytical  Methods  for  Manufac- 
turers of  Sulphuric  Acid,  Nitric  Acid,  Soda,  Potash 

•'».    Second  edition.     12 mo,  cloth >o» 
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MACCORD  (Prof.  C.  W.)  A  Practical  '  .  ^u  me 
Slide- Valve  by  Eccentric's,  examining  by  methods  the 
action  of  the  Eccentric  upon  the  Slide-Valve,  and 
explaining  the  practical  processes  of  laying  out  the 
movements,  adapting  the;  Valve  for  its  various  duties 
in  the  Steam:Engine.    Illustrated.    4I0,  cloth. ..     2  50 

.MAYER  (Prof.  A.  M.)    Lecture  Notes  on  Physics.    8vo. 

cloth 200 

Mcculloch  (prof.  R.  S.)  Elementary  Treatise  on  the 
Mechanical  Theory  of  Heat,  and  its  application  to  Air 
and  Steam  Engines.     8vo,  cloth  3  5c 

MERRILL  (Col.  WM.  E.,  U.  S.  A.)  Iron  Truss  Bridges 
for  Railroads.  The  method  of  calculating  strains  in 
Trusses,  with  a  careful  comparison  of  the  most  promi- 
nent Trusses,  in  reference  to  economy  in  combination, 
etc.    Illustrated.    4to,  cloth 5  00 

METAL  TURNING.     By  a  Foreman    Pattern   Maker. 

Illustrated  with  81  engravings.     i2mo,  cloth 150 

MINIFIE  (WM.)  Mechanical  Drawing.  A  Text-book  of 
Geometrical  Drawing  for  the  use  of  Mechanics  and 
schools,  in  which  the  Definitions  and  Rules  of  Geom- 
etry are  familiarly  explained  ;  the  Practical  Problems 
are  arranged  from  the  most  simple  to  the  more  com- 
plex, and  in  their  description  technicalities  are  avoided 
as  much  as  possible.  With  illustrations  for  Drawing 
Plans.  Sections,  and  Elevations  of  Railways  and  Ma- 
chinery ;  an  Introduction  to  Isometrical  Drawing,  and 
an  Essay  on  Linear  Perspective  and  Shadows.  Illus- 
trated with  over  200  diagrams  engraved  on  steel. 
With  an  appendix  on  the  Theory  and  Application  of 
Colors.     Svo,  cloth 400 

Geometrical  Drawing      Abridged  from  the  octavo 

edition,  for  the  use  of  schools.  Illustrated  with  48 
steel  plates      Ninth  edition.     i2mo,  cloth  2  00 

MODERN  METEOROLOGY.  A  Series  of  Six  Lectures, 
delivered  under  the  auspices  of  the  Meteorological 
Society  in  1878.     Illustrated.     i2mo,  cloth 150 

MOONEY  (WM.)  The  American  Gas  Engineers'  and 
Superintendenf.s'    Hand-book,    consisting    of    Rules, 

.-^.  Reference  Tables,  and  original  matter  pertaining  to 
"the  Manufacture,  Manipulation,  and  Distribution  >f 
Illuminating  Gas.    Illustrated.     i2mo,  morocco  .     . .  3  00 
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MOTT  (H,  A.,  Jun  )  A  Practical  Treatise  on  Chemistry 
(Qualitative  and  Quantitative  Analysis),  Stoichi- 
ometry,  Blow-pipe  Analysis,  Mineralogy.  Assaying, 
Pharmaceutical  Preparations;  Human  Secretions, 
Specific  Gravities,  Weights  and  Measures,  etc.  New 
Edition,  1883.     650  pages.     8 vo^  cloth   .      4  or 

MULLIN  (JOSEPH  P.,  M.E.)  Modern  Moulding  and 
Pattern-making.  A  Practical  Treatise  uporr  Pattern- 
Shop  and  Foundry  Work  :  embracing  the  Moulding 
of  Pulleys,  Spur  Gears,  Worm  Gears,  Balance-wheels, 
Stationary  Engine  and  Locomotive  Cylinders,  Globe 
Valves,  Tool  Work,  Mining  Machinery,  Screw  Pro- 
pellers, Pattern-shop  Machinery,  and  the  latest  im- 
provements in  English  and  American  Cupolas ; 
together  with  a  large  collection  of  original  and  care- 
fully selected  Rules  and  Tables  for  every-day  use  in 
the  Drawing  Office,  Pattern-shop,  and  Foundry. 
i2mo.  cloth,  illustrated 250 

MUNRO  (JOHN,  C.E.)  and  JAMIESON  (ANDREW, 
C.E  )  A  Pocket  book  of  Electrical  Rules  and 
Tables  for  the  use  of  Electricians  and  Engineers. 
Seventh  edition,  revised  and  enlarged.  With  numer- 
ous diagrams.     Pocket  size.     Leather     2  5c 

MURPHY  (J.  G.,  M.E.)  Practical  Mining.  A  Field 
Manual  for  Mining  Engineers.  With  Hints  for  In- 
vestors in  Mining  Properties.     i6mo,  morocco  tucks. .   i  50 

NAQUET  (A.)  Legal  Chemistry.  A  Guide  to  the  De- 
tection of  Poisons.  Falsification  of  Writings,  Adulter- 
ation of  Alimentary  and  Pharmaceutical  Substances, 
Analysis  of  .'\shes,  and  examination  of  Hair.  Coins, 
Arms,  and  Stains,  as  applied  to  Chemical  Jurispru- 
dence, for  the  use  of  Chemists.  Physicians,  Lawyers. 
Pharmacists  and  Experts  Translated,  with  addi- 
tions, including  a  list  of  books  and  memoirs  on  Toxi- 
cology, etc.,  from  the  French,  by  J.  P.  Battershall, 
Ph.D.,  with  a  preface  by  C.  F.  Chandler,  Ph.D., 
M.D.,  LL.D.     i2mo,  cloth ...  2  00 

NEWALL  (J.  W.)  Plain  Practical  Directions  for  Draw- 
ing. Sizing  and  Cutting  Bevel-Gears,  showing  how  the 
Teeth  may  be  cut  in  a  plain  Milling  Machine  or  Gear 
Cutter  so  as  to  give  them  a  correct  shape,  from  end 
to  end ;  and  showing  how  to  get  out  all  particulars  for 
the  Workshop  without  making  any  Drawings.  In- 
cluding a  full  set  of  Tables  of  Reference.  Folding 
Elates,  8vo.,  cloth 3  00 
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NEWLANDS  (JAMES).  The  Carpenter's  and  Joiners' 
Assistant  :  being  a  Comprehensive  Treatise  on  the 
Selection,  Preparation  and  Strength  of  Materials,  and 
the  Meet  anical  Princij>les  of  Framing,  with  their 
application  in  Carpentry,  Joinery,  and  Hand-Railing; 
also,  a  Complete  Treatise  on  Sines ;  and  an  illustrated 
Glossary  of  Terms  used  in  Architecture  and  Building. 
Illustrated.     Folio,  half  mor 15  cxs 

NIBLETT    (J.    T.)     Secondary    Batteries.     Illustrated. 

i2mo,  cloth  • I  50 

NIPHER  (FRANCIS  E.,  AM)  Theory  of  Magnetic 
Measurements,  with  an  appendix  on  the  Method  ot 
Least  Squares.     i2mo,  cloth i  00 

NOAD  (HENRY  M.)  The  Students'  Text-book  of  E  ec- 
tricity.  A  new  edition,  carefully  revised.  With  r\ 
Introduction  and  additional  chapters  by  W.  II. 
Preece.     With  471  illustrations.     lamo,  cloth 400 

NUGENT  (E.)  Treatise  on  Optics ;  or,  Li^ht  and  Sight 
theoretically  and  practically  treated,  with  the  appli- 
cation to  Fine  Art  and  Industrial  Pursuits.  With  103 
illustrations.     i2mo,  cloth i  50 

PAGE  (DAVID).    The  Earth's  Crust,  a  Handy  Outline 

of  Geology.     i6mo,  cloth 75 

PARSONS  (Jr..  W.  B.,  C.E  )  Track,  a  Complete  Man- 
ual of  Maintenance  of  Way,  according  to  the  Latest 
and  Best  Practice  on  Leading  American  Railroad ; 
Illustrated.     8vo.  cloth 200 

/•EIRCE    (B.)     System    of    Analytic    Mechanics.    4I0, 

cloth   . . 10  CO 

PHILLIPS  (JOSHUA).  Engineering  Chemistry.  A 
Practical  Treatise  for  the  use  of  Analytical  Chemist-, 
Engineers,  Iron  Masters.  Iron  Founders,  students  anii 
others.  Comprising  methods  of  Analysis  and  Valu- 
ation of  the  principal  materials  used  in  Engineering 
works,  with  numerous  Analyses.  Examples  and  Sug- 
gestions.    314  Illustrations.     8vo.  cloth 400 

PLANE    TABLE    (THE).    Its  Uses    in  Topographical 

Surveying.     Illustrated.    8vo,  cloth 200 

PLATTNF:R.  Manual  of  Qualitative  and  Quantitative 
Analysis  with  the  Blow-pipe.  From  the  last  German 
edition,  revised  and  enlarged,  by  Prof.  Th.  Richter. 
of  the  Royal  Saxon  Mining  Academy.    Translated  by 
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Prof.  H.  B.  Cornwall,  assisted  by  John  H.  Caswell. 
Illustrated  with  87  wood-cuts  and  one  lithographic 
plate.  Fourth  edition,  revised.  560  pages.  8vo, 
cloth 5  00 

PLANTE  (GASTON).  The  Storage  of  Electrical  En- 
ergy, and  Researches  in  the  Effects  created  by  Cur- 
rents, combining  Quantity  with  High  Tension. 
Translated  from  the  French  by  Paul  B.  Elwell.  89 
illustrations.     8vo 400 

PLYMPTON  (Prof.  GEO.  W.)  The  Blow-pipe.  A 
Guide  to  its  use  in  the  Determination  of  Salts  and 
Minerals.  Compiled  from  various  sources,  lamo, 
cloth t  so 

POCKET  LOGARUHMS  to  Four  Places  of  Decimals, 
including  logarithms  of  Numbers  and  Logarithmic 
Sines  and  Tangents  to  Single  Minutes.  To  which  is 
added  a  Table  of  Natural  Sines,  Tangents  and  Co- 
Tangents.     1 6mo,  boards 50 

POPE  (F.  L.)  Modern  Practice  cf  the  Electric  Tele- 
graph. A  Technical  Hand-book  for  Electricians, 
Managers  and  Operators.  New  edition,  rewritten 
and  enlarged,  and  fully  illustrated.    Svo,  cloth  .....   i  50 

PRAY  (Jr.,  THOMAS).  Twenty  Years  with  the  Indi- 
cator; being  a  Practical  Text-book  for  the  Engineer 
or  the  Student.     Illustrated.     Svo,  cloth 250 

I^RACTICAL  IRON-FOUNDING.  By  the  author  of 
"  Pattern  Making,"  etc.,  etc.  Illustrated  with  over  one 
hundred  engravings.     i2mo,  cloth i  50 

PREECE  (W  H.)and  STUBBS(A.  J.)  Manual  of  Tele- 
phony.    Illustratit  ns  and  Plates.     lamo,  cloth 450 

PRESCOTT  (Prof.  A.  B.)  Organic  Analysis.  A  Manual 
of  the  Descriptive  and  Analytical  Chemistry  of  certain 
Carbon  Compounds  in  Common  Use  ;  a  Guide  in  the 
Qualitative  and  Quantitative  Analysis  of  Organic 
Materials  in  Commercial  and  Pharmaceutical  Assays, 
in  the  estimation  of  Impurities  under  Authorized 
Standards,  and  in  Forensic  Examinations  for  Poisons, 
with  Directions  for  Elementary  Organic  Analysis. 
8vo,  cloth ..^ 500 

Outlines  of  Proximate  Organic  Analysis,  for  the 

..      Identificalion,    Separation,   and'  Quantitative   Deter-.  - 
mination  of  the  more  commonly  occurring  Organic 
Compounds.     i2mo,  cloth  i  75 
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PR K SCOTT  (Prof.  A.  B.)    First  Book  in  Qualitative 

Chemistry.     Fifth  edition.     i2mo,  cloth 150 

and  OTIS  COE  JOHNSON.    Qualitative  Chemical 

Analysis.  A  Guide  in  the  Practical  Study  of  Chem- 
istry and  in  the  work  of  Analysis.  Revised  edition 
With  Descriptive  Chemistry  extended  throughout 3  50 

PRITCHARD  (O.   G.)    The    Manufacture    of    Electric 

Light  Carbons.     Illustrated.    8vo,  paper 60 

r^ULSIFER  (W.  H.)    Notes  for  a  History  of  Lead.    8vo, 

cloth,  gilt  tops  .      4  00 

PYNCHON  (Prof.  T.  R.)  Introduction  to  Chemical 
Physics,  designed  for  the  use  of  Academies,  Colleges, 
and  K;^I^  Schools.  269  illustrations  on  wood.  Crown 
8vo,  cloth 3  00 

RANDALL  (J.  E.)  A  Practical  Treatise  on  the  Incan- 
descent Lamp.    Illustrated.     i6mo,  cloth 50 

■ (P.  M.)  Quartz  Operator's  Hand-book.  New  edi- 
tion, revised  and  enlarged,  fully  illustrated.  i2mo, 
cloth 200 

RAFTER  (GEO.  W  )    Sewage  Disposal  in  the  United 

States.     Illustrated.    8vo,  cloth 6  ow 

RANKINE  (W.  J.  MACQUORN,  C.E.,  LL.D..  F.R.S.) 
Applied  Mechanics.  Comprising  the  Principles  of 
Statics  and  Cinematics,  and  Theory  of  Structures, 
Mechanism,  and  Machines.  With  numerous  dia- 
grams. Thoroughly  revised  by  W.  J.  Millar.  Crown 
8vo,  cloth 5  00 

■ Civil  Engineering.  Comprising  Engineering  Sur- 
veys, Earthwork,  Foundations,  Masonry.  Carpentry, 
Metal-work,  Roads,  Railways,  Canals,  Rivers,  Water- 
Works,  Harbors,  etc.  With  numerous  tables  and 
illustrations.  Thoroughly  revised  by  W.  J.  Millar. 
Crown  8vo,  cloth 650 

Machinery  and  Millwork.     Comprising  the  Geom- 

try.  Motions,  Work,  Strength,  Construction,  and 
Objects  of  Machines,  etc.  Illustrated  with  nearly  300 
woodcuts.  Thoroughly  revised  by  W.  J.  Miller. 
Crown  8vo,  cloth 3 ,00 

The    Steam-Engine    and    Other    Prime    Movers. 

With  diagram  of  the  Mechanical  Properties  of  Steam, 
folding  plates,  numerous  tables  and  illustrations. 
Thoroughly  revised  by  W.  J.  Millar.  Crown  8vo, 
cloth —  5  eo 
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RAXKINE  (W.  J.  MACQUORN,  CE.,  LL  D.,  F.R.S.) 
Useful  Rules  and  Tables  for  Engineers  and  Others. 
With  Appendix,  tables,  tests,  and  formulae  for  the  use 
<;f  Electrical  Engineers.  Comprising  Submarine 
JLlectrical  Engineering,  Electric  Lighting,  and  Trans- 
mission of  Power.  By  Andrew  Jamieson,  C.E., 
F.R.S.  E.  Thoroughly  revised  by  W.  J.  Millar. 
Crown  8vo,  cloth  4  oo 

A    Mechanical    Text-book.     By    Prof.    Macquorn 

Rankine  and  E.  F.  Bamber,  C.B.  With  numerous 
illustrations.    Cro  v;n,  8vo,  cloth 3  50 

REED'S  ENGINEERS'  HAND-BOOK,  to  the  Local 
Marine  Board  Examinations  for  Certificates  of  Com- 
i)etency  as  First  and  Second  Class  Engineers.  By 
W.  H.  Thorn.     Illustrated.    8vo,  cloth 450 

RICE  (Prof.  J.  M.)  and  JOHNSO  ^  (Prof.  W.  W.)  On  a 
New  Method  of  obtaining  the  Differential  of  Func- 
tions, with  especial  reference  to  the  Newtonian  Con- 
ception of  Rates  or  Velocities.     lamo,  paper 50 

RIPPER  (WILLIAM).  A  Course  of  Instruction  in  Ma- 
chine Drawing  and  Design  for  Technical  Schools  and 
Engineer  Students.  With  52  plates  and  numerous 
explanatory  engravings.    Folio,  cloth 7  50 

ROEBLING  (J.  A.)  Lon^  and  Short  Span  Railway 
Bridges.  Illustrated  with  large  copperplate  engrav- 
ings of  plans  and  views.     Imperial  folio,  cloth 25  00 

ROGERS  (Prof.  H  D.)  The  Geology  of  Pennsylvania. 
A  Government  Survey,  with  a  General  View  of  the 
(ieology  of  the  United  States,  essays  on  the  Coal 
l''ormation  and  its  Fossils,  and  a  description  of  the 
Coal  Fields  of  North  America  and  Great  Britain. 
Illustrated  with  plates  and  engravings  in  the  text.  3 
vols.  4to,  cloth,  with  portfolio  of  maps 1500 

ROSE  (JOSHUA,  M.E  )  The  Pattern-makers'  Assistant. 
Embracing  Lathe  Work.  Branch  Work,  Core  Work, 
Sweep  Work,  and  Practical  (iear  Constructions,  the 
Preparation  •  d  Use  of  Tools,  together  with  a  large 
collection  01  useful  and  valuable  Tables.  Sixth 
edition.    Illu£    ated  with  250  engravings.    8vo.  cloth,  a  50 

— —  Key  to  Enf;  nes  and  Engine-Running.  A  Practi- 
cal Treatise  up  tn  the  Management  of  Steam  Engines 
and  Boilers,  fc-  the  Use  of  Those  who  Desire  to  Pass 
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an  Examination  to  Take  Cbarpre  of  an  Engine  or 
Boiler  With  iiuimrotis  illustrsitions.  and  instinic- 
tions  upon  Enginters'  Calculations,  Jndlcatois.  Dia- 
grams. Engine  Adjustments,  and  oilier  Valuable 
Irforma,ti6n  necessary  for  Engineers  and  Firemen. 
12mo,  cloth 3  00 

SABINE  (ROBERT).  History  and  Progress  of  the 
Eleetiic  T<  legraph.  With  descriptions  of  some  of 
the  apparatus.     12mo,  cloth 125 

SAELTZER  (ALEX.)  Treatise  on  Acoustics  in  connec- 
tion with  Ventilation.     12mo,  cloth ion 

SALOMONS  (Sir  DAVID,  M.  A.)  Electric  Light  Instal- 
lations, Vol.  I.  The  management  of  Accumulators. 
Seventh  edition,  revised  and  enlai-gerl,  with  numerous 
illustrations.    12mo,  cloth 1  50 

SAUNNIER.  (CLAUDIUS).  Watchmaker's  Hand-book. 
A  Workshop  Companion  for  those  engaged  in  Watch- 
makinfr  and  allied  Mechanical  Arts.  Translated  by 
J.  Trpplin  and  E,  Rigg.     12mo,  cloth :^  50 

SEATON  (A.  E.)  A  Manual  of  Marine  Engineering. 
Comprising  the  Designing,  Construction  and  Work- 
ing of  Marine  Machinery.  With  numerors  tables  and 
illustrations.     lUth  edition.     8vo,  cloth 5  00 

SCHUMANN  (F.)  A  Manual  of  Heating  and  Ventila- 
tion in  its  Practical  Application,  for  the  use  of  Engi- 
neers and  Architects.  Embracing  a  series  of  Tables 
and  Formulae  for  dimensions  of  heating,  flow  and 
return  p  pes  for  steam  and  hot-water  bo;leis,  flues, 
etc.     12nio,  illustrat*  d  full  roan 1  50 

Formulas  and  Tables  for  Architects  and  Engineejs 

in  calculating  tlie  strains  and  capacity  of  structures  in 
Iron  and  Wood.     12mo,  morocco,  tucks 1  50 

SCRIBNER  (J.  M.)  Engineers'  and  Mechanics'  Com- 
panion. Comprising  United  States  Weights  and 
Measures,  Mensiiratlon  of  Superflces,  and  Solids. 
Tables  of  Squares  and  Cubes,  Square  and  Cube 
Roots,  Circumference  and  Areas  of  Circles,  the  Me- 
chanical Powers.  Centres  of  Gravity,  Gravitat  on  of 
Bodies.  Pei  dulums,  Specific  Gravity  of  Bodies. 
Strength,  Weight,  and  Crush  of  Materials,  \\ater- 
Wheels,  Hydrostatics,  Hydraulics,  Statics,  Centres  of 
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